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INTRODUCTION. 


The  Papers  in  the  present  volume  will,  I  hope,  be  found  in  no  way  deficient  in  interest 
as  compared  with  those  of  the  earlier  volumes.  Those  which  treat  of  subjects  more 
excldsively  connected  with  the  Military  Branch  of  our  Profession  will  be  read  with 
interest, — while  the  second  portion  of  the  Paper  on  Railways,  which  completes  that 
branch  of  the  subject  as  far  as  relates  to  the  Formation  of  the  Roadway,  will,  I  think,  be 
a  most  valuable  contribution  to  our  stock  of  professional  information.  This  Paper  is  of 
course  confined  to  the  mere  mechanical  construction  of  a  railway ;  but  a  vride  field  of 
inquiry  is  opened  to  us  when  we  come  to  consider  the  effect  which  these  new  and  rapid 
means  of  communication  may  have  upon  the  whole  system  of  warfare.  Great  changes 
will  in  all  probabihty  be  required  to  place  the  system  of  passive  defence — if  I  may  so 
term  it — at  all  upon  an  equality  with  what  it  was  before  the  introduction  of  steam ; 
and  we  should  as  Officers  carefully  consider  what  these  changes  should  be,  and  he 
prepared  to  carrj-  them  out  in  the  most  effective  manner  when  required. 

On  the  other  hand,  we  must  not  forget  that  the  system  of  active  defence  will  benefit 
most  materially  by  the  introduction  of  the  great  net-work  of  railways  now  intersecting 
the  country,  which  will  enable  the  whole  force  of  the  kingdom  to  be  concentrated  in  a 
few  days,  I  may  even  say  hovirs,  at  any  given  point. 

I  have  appended  to  this  volume  a  General  Index  to  the  first  seven  volumes, 
which,  although  it  adds  to  the  bulk,  will  be  found  so  valuable  for  reference  as  fully  to 
compensate  for  this  inconvenience. 

W.  D. 


PROFESSIONAL   PAPERS. 


I. — Observations  upon  the  Destruction  of  the  Bridges  at  Banagher  and  Rooskey, 
on  the  River  Shannon.     By  Lieutenant-Colonel  Harry  Jones,  R.E. 

DESTRUCTION   OF   BANAGHER   BRIDGE,    1843. 

This  bridge  was  composed  of  seventeen  semicircular  arches,  having  very  thick 
piers,  built  with  rubble  masonry  of  a  very  inferior  description.  As  the  materials 
of  the  bridge  would  be  very  serviceable  for  the  formation  of  a  dam,  which  was 
required  to  be  formed  adjacent  to  where  it  stood,  it  was  decided  to  throw  down 
the  entire  bridge  by  gunpowder :  an  experiment  was  then  made,  by  placing 
50  lbs.  of  powder,  calculated  according  to  General  Pasley's  rule,  j^-  in  one  of 
the  piers  :  this  charge,  when  fired,  produced  the  desired  effect.  The  remaining 
alternate  piers  were  then  loaded  with  50  lbs.  each ;  shafts  w-ere  sunk  in  the 
roadway  to  the  depth  of  8  feet ;  and  a  chamber  formed  (a,  fig.  3)  in  which  the  Plate  i. 
powder  was  placed,  and  the  tamping  was  formed  by  the  materials  taken  out  in 
sinking  the  shafts.  Two  pieces  of  Beckford's  patent  fuze  were  used  for  firing 
each  charge.  Men  were  stationed  at  each  shaft,  to  light  the  fuzes  upon  the 
signal  being  given.  The  explosions  were  nearly  simultaneous  ;  the  entire  bridge 
appeared  to  be  raised  a  few  feet,  and  then  fell  a  confused  mass  of  stones,  with 
the  exception  of  a  small  portion  of  two  piers,  which  remained  standing ;  no 
stones  were  thrown  to  any  distance,  and  the  demolition  might  be  considered 
perfect.  The  patent  fuze  answered  admirably,  as  it  has  in  all  cases  where  it 
has  been  employed  on  the  Shannon,  and  other  places  where  I  have  had  oppor- 
tunities of  using  it. 

The  double  train  was  put  in  by  the  direction  of  the  resident-engineer,  who, 
being  fearful  of  a  failure,  thought  it  best  to  have  "  two  strings  to  his  bow." 
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Such  a  precaution  was  needless  ;  for  however  much  bruised  by  the  tamping,  or 
crushed  by  a  stone,  it  seldom  fails  of  igniting  the  charge  to  which  it  is  attached. 

Harry  D.  Jones, 
Shannon  Office,  Lieut. -Colonel,  Royal  Engineers. 

Dublin,  16th  December,  1844. 


DESTRUCTION   OF   ROOSKEY   BRIDGE,   1844. 

During  the  progress  of  the  works  carrying  on  under  the  direction  of  the 
Commissioners  for  the  improvement  of  the  Shannon  Navigation,'  it  ha^ang 
been  found  necessarj'  to  remove  the  bridge  at  Rooskey,  in  order  that  a  new 
one  might  be  erected  nearly  upon  the  same  site,  it  was  considered  to  be  a 
favourable  opportunity  for  making  experiments  as  to  the  charges  necessar}'  for 
destroying  it,  or  similar  works,  by  gunpowder ;  and  further,  by  using  the  voltaic 
battery  to  fire  the  charges  simultaneously. 

Captain  Larcom,  R.E.,  permitted  the  voltaic  batterj'  from  the  Ordnance 
Sun-ey  Office  to  be  sent  to  Rooskey,  under  the  charge  of  Mr.  Dalgleish,  who 
was  to  make  all  the  necessarj-  arrangements  respecting  the  conducting-\\'ires 
for  firing  the  charges,  he  having  been  employed  under  Captain  Larcom  at  the 
several  experiments  that  officer  had  made  with  the  voltaic  battery  in  the 
Phoenix  Park. 

The  bridge  at  Rooskey  was  erected  in  the  year  1 756,  and  consisted  of  one 
large  arch  in  the  centre,  and  four  smaller  ones  on  each  side  of  it,  making  a 
total  of  nine  arches  :  they  were  built  ^ith  rubble  masonry,  set  in  good  mortar  ; 
the  stones  only  forming  the  coins  of  the  arches  were  hammer-dressed  with 
7-inch  beds ;  two  walls  set  in  mortar  crossed  the  sjiandrils  ;  the  interior  of  the 
piers  and  spandrils  were  filled  with  loose  earth  and  stones ;  large  stones 
appeared  to  have  been  dropped  into  the  bed  of  the  river  as  a  foundation,  upon 
which  the  piers  were  built. 

Tiie  dimensions  will  be  found  marked  on  the  plan  and  elevation,  figs.  1  and  2, 
by  which  it  will  be  perceived  that  the  arches  were  nearly  uniformly  equal  on 
each  side  of  the  centre. 

In  destroying  the  bridge,  it  was  very  important  that  no  injur}^  should  be 
done  to  the  temporary  wooden  one  (M,  figs.  1, 3,  4)  that  had  been  erected  by  the 

'  CommiEsioners,  Major-Gcneral  Sir  J.  F.  Burgo\-ne,  K.C.B.,  Lieut. -Colonel  Harry  D.  Jones, 
R.E.,  and  Richard  Griffith,  Esq.,  C.E. 


DESTRUCTION    OF    ROOSKEY    BRIDGE.  3 

contractor;  as  if  injured,  and  tlie  communication  stopped,  great  inconvenience 
would  ensue  to  the  public,  there  being  no  bridge  across  the  river  Shannon  nearer 
than  nine  miles  above,  and  ten  miles  below  Rooskey :  it  w^as  therefore  necessary 
to  use  the  smallest  charges  that  would  be  likely  to  produce  simple  demolition. 

As  this  appeared  to  be  a  favourable  opportunity  to  ascertain  the  effects  that 
would  be  produced  by  charges  calculated  according  to  Major-General  Sir  John 
Burgoyne's  formula,  -^'  it  was  decided  to  try  charges  so  calculated  in  piers  G 
and  H,  before  any  of  the  other  piers  were  loaded. 

Shafts  were  sunk  in  the  centre  of  the  roadway,  to  the  depth  of  about  2  feet 
above  the  spring  course  of  the  arches,  and  in  the  small  piers  chambers 
were  run  5  feet  on  each  side  of  the  shaft,  in  the  direction  of  the  longitudinal 
axis  of  the  pier ;  the  charges  were  placed  at  the  extremity  of  the  chambers,  and 
were  connected  by  powder,  placed  in  a  wooden  trough,  («,  fig.  8,)  in  which  was  Plate  i. 
inserted  the  igniting  cartridge,  intermediate  between  the  charges,  {b,  fig.  7.) 
Where  only  one  charge  was  used,  the  igniting  cartridge  was  placed  in  the 
centre  of  the  charge  ;  the  stones  and  earth  removed  in  sinking  the  shafts  were 
used  for  tamping. 

The  quantity  of  powder  calculated  for  H,  where  the  line  of  least  resistance 
was  10  feet,  was  equal  to  35^  >  or  31  lbs.;  and  1  tb.  5|  oz.  for  each  chamber  in  G, 
where  the  Unes  of  least  resistance  were  3  ft.  3  in.,  and  the  chambers  5^  feet 
apart :  the  eflfect  was  in  H,  to  crack  the  pier,  as  shown  in  Plate  II.  fig.  3,  and 
to  shatter  a  part  of  the  parapet  immediately  over  it :  G  produced  no  visible 
effect ;  it  was  at  first  doubtful  whether  the  charge  had  exploded ;  however, 
after  a  short  period  smoke  was  perceived  issuing  from  among  the  loose  stones 
forming  the  foundation.^ 

The  above  charges  having  failed  to  produce  the  desired  effect,  it  was  then 
decided  to  load  the  remaining  small  piers  with  charges  25  lbs.  each,  divided  into 
two  charges  of  12^  lbs.  for  each  chamber,  and  the  large  pier  A  with  50  lbs.  in  a 
single  charge  :  these  charges  were  determined  by  the  experience  obtained  in  the 
destruction  of  Banagher  bridge,  when  the  mass  to  be  thrown  down  was  nearly 
equal  to  that  pier,  A. 

It  may  be  here  stated,  the  charge  in  pier  B  was  accidentally  fired,  in  conse- 
quence of  the  contractor's  man,  who  had  been  assisting  in  the  preparation  of, 

^  It  is  necessary  to  observe  that  the  piers  were  all  laid  dry  by  the  dams  which  had  been  formed 
to  enable  the  contractor  to  deepen  the  bed  of  the  river  by  excavation,  (a,  a,  Plate  III.) 
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and  arranging  the  wooden  casings  for,  the  protection  of  the  cartridge  wires, 
having,  without  authority,  placed  the  end  of  the  wires  from  the  voltaic  battery 
with  that  from  the  charge  in  the  mercury  cups,  unknown  to  the  party  who 
were  adjusting  the  wires  at  the  batteries,  previous  to  the  final  arrangement 
on  the  bridge :  the  connection  being  completed,  an  explosion  took  place, 
the  effect  of  which  was  to  throw  down  a  few  stones  from  the  right  side  of 
pier  B,  immediately  opposite  to  the  chambers,  and  caused  a  large  crack  in  the 
roadway. 

The  remaining  charges  were  fired  simultaneously,  and  the  effect  was  to  throw 
down  pier  A,  with  the  two  adjoining  arches,  (see  fig.  3,)  and  to  crack  the  road- 
way of  the  remaining  part  of  the  bridge,  as  shown  on  plan. 

It  was  then  determined  to  reload  the  standing  piers  with  20  lbs.  in  each 
chamber,  but  this  could  only  be  accomplished  in  pier  G ;  the  chambers  of  the 
others  could  not  be  opened  without  danger,  from  the  spandril  walls  being  much 
cracked :  the  charges  of  40  lbs.  were  therefore  placed  at  the  bottom  of  the 
shafts ;  the  tamping  was  somewhat  better  than  before,  as  the  powder  was  not 
di\'ided  into  two  portions,  but  formed  one  charge. 

The  effects  were  to  throw  down  the  remaining  portion  of  the  bridge,  with  the 
exception  of  half  the  arch  in  the  direction  of  the  length  between  piers  C  and  D, 
(fig.  4,)  which  fell  on  the  following  day. 

The  voltaic  batteries  used  on  this  occasion  were  the  combination  of  Professor 
Graves ;  they  consist  of  twenty-four  cells,  the  platinum  plates  6  inches  by  3A, 
with  zinc  on  each  side :  the  batteries,  under  the  immediate  direction  of 
Mr.  Dalgleish,  were  placed  at  150  feet  from  the  bridge,  and  the  wires  arranged, 
as  shown  in  Plate  III.  The  main  conductors  were  detached  from  those  leading 
to  the  charges,  to  prevent  them  from  being  dragged  away,  or  injured  by  the 
effects  of  the  explosion.  The  connections  were  perfected  by  the  insertion  of 
their  ends  in  small  cups  containing  mercury,  placed  on  the  roadway  of  the 
bridge,  near  each  shaft. 

The  firing  of  the  charges  with  the  voltaic  battery  was  instantaneous.  One 
failure  occurred,  which  was  afterwards  ascertained  to  have  been  caused  by  the 
wire  leading  to  the  charge  having  been  disconnected  in  tamping. 

It  should  be  borne  in  mind,  that  the  use  of  the  voltaic  battery  on  this  occa- 
sion was  not  under  the  supposition  that  it  was  better  suited  for  the  purpose  of 
firing  the  charges  used  for  the  destruction  of  bridges,  than  in  the  ordinary  way 
adopted  in  campaigning,  but  to  afford  another  experiment  with  respect  to  the 
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employment  of  the  voltaic  battery,  in  addition  to  those  previously  made  by 
Captain  Larcom,  R.E.,  the  results  of  which,  it  is  understood,  that  officer  will 
communicate  for  the  benefit  of  the  corps. 

Details  relating  to  the  operations  of  the  voltaic  battery,  therefore,  are  not 
inserted  in  this  Paper. 

The  powder  used  was  the  common  blasting  powder  from  the  Ballincollig 
mills,  which  is  large -grained  and  highly  glazed.  Strength  proved  by  the 
eprouvette  gun,  as  compared  with  the  Government  L.  G.  powder,  was  r5° 
less,  the  former  giving  21°,  and  the  powder  used  at  Rooskey  19' 5°. 

The  results  with  equal  charges  proving  so  very  different,  it  is  important  to 
endeavour  to  explain  the  causes  for  such  difference.  The  only  way  in  which  it 
can  reasonably  be  accounted  for,  would  appear  to  be  this, — that  the  interior  of 
the  piers  being  filled  with  loose  rubble  stones,  the  effects  of  the  powder,  when 
ignited,  were  greater  or  less  in  proportion  to  the  greater  or  less  compactness  of 
the  materials  :  where  loose,  and  large  interstices  existed,  the  gas  rushed  through 
the  openings  between  the  stones ;  and  when  it  reached  the  arch,  or  facing  of 
the  pier,  which  was  set  in  mortar,  it  had  lost  its  power  by  expansion,  and  was 
unable  to  force  out  the  masonry  composing  the  piers.  It  must  on  these  pre- 
mises be  inferred  that  the  piers  D,  E,  F,  G,  were  built  much  more  compactly 
than  the  piers  A,  B,  C,  which  may  be  accounted  for  from  the  circumstance  that 
the  repairs  to  the  bridge  were  performed  by  different  counties  :  had  the  bridge 
been  formed  of  good  substantial  masonry,  it  may  be  deemed  certain  that  the 
quantity  of  powder  emplo3'ed  would  have  been  too  small,  as  the  charge  in  pier 
B,  (fig.  2,)  when  fired  accidentally,  did  not  bring  down  the  arch  ;  and  the 
demolition  which  took  place  may  be  attributed  to  the  several  charges  having 
been  fired  simultaneously.  By  the  concussion  the  whole  fabric  was  shaken  ; 
the  weaker  parts,  losing  their  cohesion,  fell. 

In  conclusion,  I  would  observe,  from  the  experience  gained  during  the 
Peninsular  war,  the  masonry  of  the  bridges  at  Valladolid  and  Tordesillos,  which 
were  blown  up  in  1812,  on  the  retreat  of  the  army  from  Burgos,  was  as  hard, 
and  nearly  as  compact  as  rock ;  and  from  what  I  have  seen  of  the  bridges  on 
the  Shannon,  which  have  been  taken  down  during  our  operations,  in  my 
opinion  there  is  no  calculation  of  a  charge  of  powder  for  the  destruction  of 
bridges  which  can  be  adopted  with  certainty :  so  much  depends  upon  the 
description  of  masonry,  the  quality  of  the  mortar,  the  mode  of  construction, 
and  the  nature  of  the  arch,  as  well  as  the  climate,  that  the  same  quantity  of 


6  DESTRUCTION    OF    ROOKSEY    BRIDGE. 

powder  upon  piers  of  equal  dimensions  would  not  produce  equal  effects.  It 
therefore  behoves  the  engineer  to  study  well  the  construction  of  the  bridge, — 
to  ascertain  the  nature  of  the  interior,  or  filling  of  the  piers,  the  quality  of  the 
masonry,  and  the  time,  as  well  as  means  at  command,  for  its  destruction. 

The  French  engineers'  rule  for  destroying  bridges  by  gunpowder  is  as 
follows : 

(Translation.) — "  If  the  piers  are  of  masonry,  and  (1-30°  to  l-GO")  4  ft.  2  in. 
to  5  ft.  2  in.  thick,  chambers  are  formed  in  one  of  them,  in  which  are  placed 
(50  to  60  kilogrammes)  134  to  IGOtbs.  of  powder,  (English  weight.) 

"  If  the  pier  is  (2"  to  3™)  6  ft.  0  in.  to  9  ft.  10  in.  thick,  the  chambers  ought 
to  be  loaded  with  (1.00  to  200  kilogrammes)  402  to  53Glbs.  of  powder,  (Eng- 
lish weight.")  The  quantity  of  powder  thus  recommended  to  be  used,  so  much 
exceeds  the  quantities  that  English  engineers  have  ever  employed  in  the  demo- 
lition of  bridges,  or  that  were  ever  used  in  the  destruction  of  the  numerous 
bridges  during  the  Peninsular  war,  under  the  Duke  of  Wellington,  that  those 
quantities  ought  not  to  be  regarded  as  data  for  future  operations  of  a  similar 
nature,  excepting  as  making  certain  of  the  destruction  of  a  bridge  by  employing 
the  very  large  charges  recommended  to  be  used. 

At  the  same  time,  under  circumstances  similar  to  the  destruction  of  the 
bridges  on  the  Shannon,  where  it  was  necessary  to  guard  against  doing  injury 
to  the  houses  in  the  immediate  neighbourhood  of  the  bridge,  and  most  im- 
portant that  the  temporaiy  wooden  bridges  erected  by  the  contractors,  and  very 
near,  should  not  be  damaged,  it  will  be  advisable  to  use  reduced  quantities  of 
powder,  placed  in  two  distinct  charges,  it  being  better  that  there  should  be  a 
chance  of  the  necessity  for  a  second  loading  than  that  the  inhabitants  should 
suffer,  and  more  particularly  as  there  is  plenty  of  time  for  reloading  in  cases  of 
failure.  On  the  contrary,  on  service,  in  the  presence  of  an  enemy,  the  engineer 
intrusted  w'ith  the  destruction  of  the  bridge  must  make  sure  of  his  object,  by 
employing  a  sufficiently  large  charge  of  powder,  which  he  is  recommended  to 
place  in  one  mass,  in  preference  to  a  division  of  the  charge  :  the  effects  will  be 
greater,  and  there  will  be  less  labour  in  the  previous  operation  of  sinking  into 
the  masonry.  As  there  still  remain  three  or  four  other  bridges  to  be  taken 
down,  further  experiments  will  be  made,  and  the  results  communicated. 

Harry  D.  Jones, 
Shannon  Office,  Lieut. -Colonel,  Royal  Engineers. 

Dublin,  IGth  December,  1844. 
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II. — Notes  on  Platforms.     By  Captain  Portlock,  R.  E.,  F.E.S.,  &c. 

It  is  remarkable,  that  the  length  of  a  platform,  when  considered  in  relation  to 
the  gun  to  be  placed  upon  it,  and  to  the  material  of  which  it  is  to  be  con- 
structed, depends  at  present  upon  such  imperfect  data,  that  it  can  be  considered 
satisfactorily  determined  only  in  a  very  limited  number  of  cases  ;  and  j'et  it  is 
an  element  of  construction  equally  required  in  attack  and  defence. 

I  have  been  led  to  make  these  remarks  from  the  following  circumstances : 

In  the  fortress  of  Corfu,  including  its  dependency  Vido,  the  gun  and  mortar 
platforms  have  been  constructed  of  one  material,  namely,  the  white  Mediter- 
ranean limestone,  a  rock  which  possesses  a  striking  uniformity  of  character 
through  a  considerable  geological  range,  and  possesses,  in  a  high  degree,  the 
physical  qualities  of  hardness  and  brittleness ;  but,  though  the  material  used 
has  been  the  same,  there  is  found  a  striking  diversity  in  the  lengths  of  the 
platforms  intended  to  be  used  even  for  cannon  of  the  same  calibre,  and  appli- 
cable to  the  same  purposes.  Thus,  at  Vido,  platforms  for  heavy  24-pounders 
have  been  laid  at  12  feet,  and  at  Corfu,  at  13,  14,  15,  and  IG  feet,  the  slope  also 
varying  from  I"  in  3'  to  1"  in  2'.  Some  of  the  Corfu  platforms  were  originally 
estimated  at  15  and  IG  feet,  but,  from  motives  of  economy,  were  reduced  in  con- 
struction to  13  and  14  feet ;  and  it  may  be  presumed  that  a  similar  motive  induced 
the  adoption  of  12  feet  at  Vido,  for  though  the  estimates  do  not  detail  the  length 
of  the  platforms,  the  plan  of  the  keep  shows  by  scale  a  length  of  16  feet. 

For  the  future  this  uncertainty  has,  at  this  station,  been  removed  by  the 
Commanding  Royal  Engineer,  Lieut. -Colonel  Thomson,  who  has  directed  that 
stone  platforms  for  heavy  24-pounders  shall  henceforth  be  laid  at  16  feet,  with  a 
slope  of  half  an  inch  to  a  foot. 

The  insufficiency  of  the  Vido  platforms  was  practically  demonstrated  in  the 
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year  1842,  when  one  of  the  guns  having  been  fired,  it  recoiled  entirely  over 
the  platform,  and  the  carriage  was,  in  consequence,  broken.  This  untoward 
result  might,  without  doubt,  have  been  guarded  against,  as  suggested  by  the 
Director-General  of  Artillery,  "  by  sanding  the  platform,  or  clogging  the  trucks 
by  a  handspike;"  but  though  such  expedients  may  be  properly  applicable 
to  unexpected  contingencies,  they  ought  not  to  be  rendered  necessary  through- 
out a  fortress  by  a  generally  inadequate  length  of  platform. 

The  result  of  the  Vido  experiment  having  been  represented  by  Lieut. - 
Colonel  H.  W.  Gordon,  commanding  Roj'al  Artiller}',  to  the  Commanding 
Engineer,  Lieut. -Colonel  Thomson  suggested  that  a  series  of  experiments 
should  be  made,  to  ascertain  by  direct  practice  the  amount  of  deficiency  in 
length  of  the  platforms ;  and  this  proposition  having  been  submitted  by 
Lieut. -Colonel  H.  W.  Gordon  to  his  Excellency  Lord  Seaton,  Lieutenant- 
General  commanding,  it  received  his  immediate  sanction,  and  was  carried 
into  effect. 

1st  Trial,  Oct.  6th,  1843. — Four  rounds  fired  from  a  24-pounder,  mounted 
on  an  iron  garrison  carriage,  on  a  stone  platform,  in  the  Savergnano  bastion. 
Length  of  platform  13  feet,  slope  7h  inches;  stone  very  rough.  The  platform 
was  temporarily  lengthened  by  wooden  skidding.  Charge,  8  lbs.  of  powder  with 
round  shot. 


Distance  of  centre  of  hind  axle 
No.  of  rounds.  Elevation.  from  the  foot  of  parapet. 

1  P.  B.  (wad  over  the  shot)         13'     5" 

2  1°  „  13'     2" 

3  2°  „  12'  11" 

4  3°  „  14'     2" 

The  actual  recoil  therefore  (after  deducting  the  distance  from  the  base  of 
the  parapet  to  the  hind  axle)  in  each  round  was  respectively  8'  5i",  8'  2^", 
7'  1 1  .i",  and  9'  2\" ,  giving  an  average  of  8'  5\",  or  less  than  the  average  of 
Woolwich  practice,  to  be  hereafter  noticed. 

2nd  Trial,  October  13th,  1843. — Eight  rounds  fired  from  a  24-pounder, 
mounted  on  a  wood  garrison  carriage,  on  a  stone  platform,  in  the  south  battery 
at  Vido.  Length  of  platform  12'  1",  slope  4  inches  ;  stone  evenly  dressed.  The 
platform  temporarily  lengthened  as  before.  Charge  8  lbs.  of  powder  with  a 
round  siiot. 
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No.  of  rounds. 

Elevation. 

Distance  of  centre  of  hind  axle 
from  the  foot  of  parapet. 

1 

4° 

14'   10" 

2 

1°    Dep".  (wad  over 

shot) 

13'   lOi" 

3 

3°    El. 

14'   Hi" 

4 

P.  B.  (wad  over  shot) 

13'   10  J" 

5 

5°    El. 

14'     li" 

6 

3° 

15'     0" 

7 

2° 

12'     9i" 

8 

1°    (wad  over  shot) 

14'     5" 

The  actual  recoil  therefore  in  each  round  was  respectively  9'  8",  8'  8^",  9'  9^'', 
8'  8f",  8'  lU",  9'  10",  7'  7¥',  9' 3",  giving  an  average  of  9' Of",  or  only 
3f  inches  more  than  the  Woolwich  average ;  the  maximum  recoil  on  the  sixth 
round,  9'  10",  being  only  2^  inches  more  than  the  maximum  recoil  of  the 
Woolwich  practice. 

The  experiments  here  detailed  are  certainly  not  sufficiently  extensive  to 
determine  the  case  in  all  its  bearings  ;  but  such  as  they  are,  the  results  were 
officially  communicated  by  Lieut. -Colonel  H.  W.  Gordon  to  the  Director- 
General  of  Artillery,  by  whom  the  recoil  was  considered  '  inordinate,'  though 
certainly,  as  shown  by  the  above  comparison,  it  Avas  not  at  variance  with  the 
Woolwich  experiments ;  and,  considering  the  much  higher  rise  or  slope  of  the 
Woolwich  platforms,  it  may  be  even  considered  less  than  the  Woolwich  recoil. 

The  Director-General  observes,  "  On  referring  to  the  records  of  practice 
carried  on  at  Woolwich  in  1810,  from  24-pounder  guns,  with  the  service  charge, 
mounted  on  iron  carriages,  it  appears  the  recoil  in  no  case  exceeded  9'  7^",  and 
that  the  average  recoil  upon  fifty  rounds  was  8'  9".  The  platforms  were  of 
W'ood,  15  feet  long,  with  an  inclination  of  8^  inches." 

In  the  instance  of  the  greater  recoil  here  mentioned,  the  centre  of  the  rear 
axle  was  14'  7"  from  the  front  of  the  platform  or  foot  of  the  parapet,  and  only 
5  inches  from  the  rear  of  the  platform,  over  which  the  hind  truck  projected 
4|  inches  :  in  the  average  recoil,  the  centre  of  the  rear  axle  w-as  13'  8¥'  fi'om 
the  front,  and  1'  3^"  from  the  rear  of  the  platform.  It  is  evident,  therefore,  that 
15  feet  can  be  considered  only  barely  sufficient,  as  deduced  from  the  Woolwich 
and  first  Corfu  set  of  trials, — the  slope  being,  at  least,  7^  inches,  and  16  feet, 
as  deduced  from  the  second  Corfu  set,  with  a  slope  of  5^  inches. 

These  experiments,  then,  satisfactorily  limit  a  platform  for  a  heavy  24-pounder, 
to  be  fired  with  a  full  service  charge,  to  lengths  between  15  and  16  feet  (with  a 
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rise  of  half  an  inch  to  a  foot) ;  and  it  is  doubtless  to  the  want  of  such  detailed 
experiments  that  some  diversity  of  opinion  has  hitherto  existed  amongst 
military  writers  on  so  simple  a  subject. 

Vauban  (' Attaque  et  Defence,'  1737,)  describes  platforms  varying  from 
19  feet  to  21  feet  3  inches  (English.) 

Theodore  Durtubie,  General  of  Brigade  in  the  French  Artillery,  ('  Manuel  de 
I'Artilleur,'  1794,)  gives  to  wooden  platforms  a  length  of  14'  11"  (English.) 

Carnot  ('Defence  des  Places  Fortes,'  second  edition,  1811,)  states  the  recoil 
at  10'  8",  English,  so  that  the  least  possible  length  of  a  platform  would  be 
W  8"+4'  4"  (the  distance  between  the  axles  of  the  trucks) +  10"  (the  half- 
diameter  of  the  fore  truck)  =  15'  10";  or,  allowing  a  very  moderate  space 
behind  the  rear  truck,  the  platform  could  scarcely  be  constructed  less  than 
1 7  feet. 

C.  W.  Pasley,  Major-General,  Royal  Engineers,  F.R.S.,  ('  Course  of  Ele- 
mentary Fortification,'  1822,)  gives  to  his  new  siege-gun  platform  a  length  of 
15  feet,  the  slope  being  half  an  inch  to  a  foot,  and  the  material  wood. 

J.  S.  Macaulay,  Captain,  Royal  Engineers,  ('  Treatise  on  Field  Fortification,' 
1834,)  recommends  a  platform  17  feet  long,  with  a  slope  of  6  inches,  for  heavy 
artillery  ;  and  one  of  15  feet  for  field  guns. 

Cajjtain  and  Adjutant  Griffiths,  Royal  Artillery,  ('Artillerist's  Manual,'  1839,) 
adopts,  for  wooden  platforms,  a  length  of  15  feet,  which  number  is  quoted  with 
ajjjiroval  by  Hector  Straith,  Captain,  H.  P.,  unattached.  ('  Treatise  on  Fortifi- 
cation,' third  edition,  1841.) 

Let  these  results  be  now  tested  theoretically. 

The  weight  of  a  24-pounder,  with  wooden  carriage,  is  7135  lbs.  ;  the  ratio, 
therefore,  in  weight  of  the  shot  to  the  gun  and  carriage  is  as  1  to  297.  The 
weight  of  a  24-pounder,  with  iron  carriage,  is  78G8  tts. ;  and  the  ratio  in  weight 
of  the  shot  to  the  gun  and  carriage  is  as  1  to  327 "8.  If,  therefore,  the  initial 
velocity  of  the  shot  with  the  full  service  charge  be  assumed  (as  stated  by  Dr. 
Olinthus  Gregory,  in  the  second  edition  of  Hutton,)  to  be  1600  feet  per 
second,  that  of  the  recoil  will,  with  a  wooden  carriage,  be  538, — with  an  iron 
carriage,  4*88 ;  the  first  of  which  is  the  velocity  which  would  be  acquired  by 
falling  through  54  inches,  and  the  second  by  falling  through  4  4  inches;  and 
the  spaces  on  the  inclined  plane  of  the  platform  passed  over  by  the  gun  in  its 
recoil,  according  to  one  or  the  other  of  these  heights,  will  be,  (omitting  tor  the 
present  the  consideration  of  friction,) 
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With  rise  of  1  inch  in  3  feet,  and  wooden  carriage    .     .     .  16"2  feet. 

,,  „                and  iron  carriage     ....  13'2  „ 

„  1  inch  in  2  feet,  and  wooden  carriage    .     .     .  lO'S  ,, 

,,  ,,               and  iron  carriage     ....  8'8  ,, 

,,  f  inch  in  I  foot,  and  wooden  carriage    .     .     .  7"2  ,, 

,,  "8  inch  in  1  foot,  and  wooden  carriage    .     .     .  5 '4  ,, 

„  1  inch  in  1  foot,  and  wooden  carriage    .     .     .  5 '4  ,, 

„  ,,                and  iron  carriage      ....  4"4  ,, 

Comparing  these  results,  in  which  friction  has  not  as  yet  been  introduced,  with 
the  two  preceding  sets  of  experiments,  it  is  remarkable  that  the  average  recoil 
on  the  Vido  platform,  having  a  rise  of  1  inch  in  3  feet,  was  only  9'  Of",  and 
must  therefore  have  been  diminished  by  the  friction  of  the  trucks  on  the  rough 
boards  used  for  elongating  the  platform. 

In  the  Savorgnano  experiment,  the  rise  being  1  inch  in  2  feet,  the  average 
recoil  was  8'  5^"= 8-46,  or  very  little  less  than  the  distance  88  feet,  which 
corresponds  to  the  theoretic  rise  of  the  centre  of  gravity,  independent  of  friction. 

The  initial  velocity  will  be  diminished  by  several  retarding  forces :  as,  1st, 
The  resistance  of  the  air,  which  with  so  small  a  velocity  as  either  488  or  5-38 
feet  per  second,  {3^  or  3f  miles  per  hour,)  may  be  neglected.  2nd.  Loss  of 
power,  by  absorption  of  force  in  the  compression,  and  change  of  form  of  the 
bearing  parts,  both  of  the  carriage  and  of  the  platform,  under  the  shock  of 
firing.  This,  however,  when  the  platforms  are  well  made  and  of  good  materials, 
may  be  left  out  of  consideration.  3rd.  Friction  at  the  axle  of  the  trucks,  and 
between  the  face  of  the  truck  and  platform  ;  but  of  these  it  is  only  necessary  to 
notice  the  first,  as  the  second  can  only  sensibly  affect  the  results  when  the 
platform  is  formed  of  a  very  uneven,  or  of  a  highly-yielding  material. 

As  the  gun  moves  from  a  state  of  rest,  and  little  attention  is  paid  to  the  con- 
dition of  the  axles,  the  constant  of  friction  may  be  assumed  at  "185  of  the 
pressure,  or  1320  lbs.  with  a  wooden,  and  1455^  lbs.  with  an  iron  carriage. 

The  actual  retarding  effect  of  this  amount  of  friction  will  be  diminished  in  the 
proportion  of  the  diameter  of  the  truck  to  that  of  the  axle.  In  the  wooden 
carriages,  the  fore  and  rear  axles  and  trucks  are  of  unequal  diameters,  but  we 
may  take  the  mean,  or  average  diameter  of  each;  viz.,  146  feet  of  the  truck, 
and  -552  of  the  axle,— the  proportion  of  the  one  to  the  other  being  20  to  1. 

In  the  iron  carriage,  the  diameter  of  the  truck  is  1-52  feet,  and  that  of  the 
axle  "333, — the  proportion  being  as  454  to  1. 

With  these  proportions,  the  additional  retarding  weight  corresponding  to  the 
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friction  of  the  wooden  carriage  is  508  lbs.  nearly,  and  that  of  the  iron  carriage 
3"201bs. :  adding  their  weights  to  the  gross  weight,  we  have  7643  lbs.  as  the 
moving  weight  of  the  wooden  carriage,  and  8188  lbs.  as  that  of  the  iron  carriage, 
and  the  initial  velocities  of  recoil  become  502  per  second  for  the  wooden,  and 
4(J9  for  the  iron  carriage — velocities  corresponding  to  a  vertical  rise  of  4-08 
inches  in  the  wooden,  and  4'08  in  the  iron,  or  to  a  space  on  the  plane  of 
9'  4"  and  8'  2"  respectively,  when  the  slope  of  the  platform  is  ^  inch  to  a  foot, 
or  14'  and  12'  3"  when  it  is  1  inch  to  3  feet. 

Comparing  these  theoretic  results  with  those  of  actual  experiments,  it 
appears,  that  with  the  iron  carriage  and  a  platform  having  a  slope  of  ^  inch 
to  a  foot,  as  in  the  Savorgnano  experiment,  the  actual  average  recoil  was 
846  feet,  the  theoretic  8-17,  the  difference  being  only  029;  whilst  with  the 
wooden  carriage  and  slope  of  1  inch  to  3  feet,  as  in  the  Vido  experiment,  the 
actual  average  recoil  was  91  feet  nearly,  the  theoretic  14;  and  as  so  very 
great  an  excess  of  the  practical  over  the  theoretic  recoil  does  not  occur  in  any 
other  experiment,  the  retardation  of  the  recoil  of  the  wooden  carriage  must 
be  ascribed  to  extraneous  causes.  One  of  these  has  been  previously  men- 
tioned, namely,  the  rough  mode  of  adding  to  the  length  of  the  Vido  platform  ; 
but  it  is  possible,  that  the  rough  construction  of  the  axle  itself  of  the  wooden 
carriage  may  also  retard,  by  augmenting  the  constant  of  friction.  The  axle 
is  not  solid  iron,  but  is  of  wood  sheeted  on  the  under  or  bearing  side  with 
plate  iron ;  and  it  is  highly  probable  that  the  friction  is  much  increased  by  this 
rude  contrivance. 

The  result,  however,  fully  confirms  the  propriety  of  the  lengths  of  platforms 
adopted  for  a  slope  of  ^  inch  to  a  foot. 

In  the  preceding  observations,  it  has  been  presumed  that  there  is  no  want  of 
space,  and  that  the  platforms  may  be  laid,  without  inconvenience  fi'om  that 
cause,  of  the  required  length  ;  but  it  may  happen  that  the  space  is  limited,  and 
tiiat  it  is  desirable  therefore  to  use  shorter  platforms.  Assuming  tlie  pre- 
ceding results  to  be  correct,  the  lengths  of  such  jjlatforms  may  be  thus 
estimated. 

Vertical  rise  of  centre  of  gravity  equivalent  to  the  initial  velocity  of  recoil, 
4G8  inches  with  wooden  carriage,  408  inches  with  iron  carriage.  Hence  the 
following  dimensions  would  be  required  : 
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Distance  of 

Recoil  on  in- 

rear  axle  from 

Least  possible 

Least  admis- 

Slope of  platform. 

cliued  plane. 

parapet. 

length. 

sible  length. 

^  in.  to  a  foot. 

14-18 

5'Oin. 

19-18 

20-0 

i          .. 

9-36 

50 

14-.36 

15-6 

3 

C-24 

50 

11-24 

12-6 

•8 

5-85 

50 

10-85 

12-0 

1 

4- 68 

5-0 

9-68 

11-6 

These  remarks  having  been  submitted  to  the  Commanding  Royal  Engineer, 
one  of  the  platforms  in  the  Savorgnano  bastion  was,  by  his  desire,  altered  so  as 
to  conform  as  nearly  as  possible  to  the  above  rule. 

This  platform  is  13  feet  long,  and  the  slope  is  10^  inches. 

With  his  usual  anxious  zeal  to  aid  in  any  experiments  calculated  to  introduce 
certainty  or  improvement  into  the  practical  part  of  his  profession,  Lieut. - 
Colonel  H.  W.  Gordon,  commanding  Royal  Artillery,  at  once  offered  to  request 
the  sanction  of  His  Excellency  Lord  Seaton  to  some  experimental  practice  on 
this  platform,  of  which  the  following  is  the  result : 


June  I5tk,  1844. — 10  hours  a.  m. 

Platfonn  of  stone,  dressed, 

13  feet  long.     Slope  10^  inches.     Charge  8  fts.  with  round  shot. 

Distance  of  centre  of  hind  a\le 

No.  of  rounds.          Elevation.                                   from  the  foot  of  parapet. 

1 

Points.                                            11'     4  A" 

2 

Ditto.                                           11'     4i" 

3 

3°E".                                             10'  llf" 

4 

2°E°.                                             11'     2" 

5 

1°  D".  (wad  over  shot)                  1 1'     4" 

Hence,  deducting  the  distance  of  the  axle  of  the  rear  truck,  before  fire,  from 
the  parapet,  or  4'  ll^",  the  gun  having  been  run  out  to  its  utmost  limit,  the 
actual  recoil  in  each  was  6'  4",  6'  4",  5'  11|",  C  1^",  6'  3^".  Hence  the  centre 
of  gravity  of  the  gun  and  carriage  rose,  on  an  average,  5"1  inches  nearly,  in  the 
space  of  6'  2V;  the  theoretic  recoil,  as  shown  by  the  preceding  Table,  being 
5'85,  or  only  036  inches  less  than  the  actual  recoil. 

The  effect  of  the  fire  upon  the  platform,  constructed  not  more  than  one 
month,  gave  also  one  other  valuable  hint,  namely,  the  necessity  of  strengthening 
the  platform  in  the  Une  of  the  hind  trucks,  where  the  shock  is  first  received. 
The  stones  should  here  be  superficially  large,  in  order  to  spread  the  shock  over 
a  wider  space,  and  deep,  in  order  to  prevent  splitting :  they  ought,  as  a  rule,  to 
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be  at  least  cubes  of  about  2  feet ;    but  it  would  be  preferable  to  make  tbem 
superficially  3  feet  by  2,  the  larger  axis  being  in  the  length  of  the  platform. 

No  stone  platform  having  been  prepared  with  the  slope  adapted  to  12  feet, 
Lieut. -Colonel  II.  AV.  Gordon  tired  three  rounds  from  a  gun  on  a  traversing 
platform,  the  slope  of  which  is  a  little  more  than  one  inch  to  a  foot,  or  a  little 
more  than  the  slope  adapted  to  a  length  of  12  feet. 


No.  of  rounds. 

1 

Elevation. 
P.  B. 

Distance  of  centre  of  rear  a.\le 
from  the  front  of  platform. 

10"      2" 

2 

2°  E". 

10'      5" 

3 

3=  E". 

10'     4i" 

And  the  actual  amount  of  recoil  was  5'  H",  5'  4^",  5'  4". 

Practically,  therefore,  it  appears,  that  with  a  stone  platform,  no  slope  less  than 
i  inch  to  a  foot  should  be  adopted;  and  that  with  that  slope,  16  feet  is  a 
sufficient  length  ; — with  f  inch  to  a  foot,  13  feet ; — with  1  inch  to  a  foot,  12  feet ; 
as  it  is  desirable  to  keep  the  hind  truck  well  on  the  platform. 

In  using  these  data  it  must,  however,  be  kept  in  mind,  that  as  the  slope 
increases,  the  shock  on  the  platform  increases  also  ;  and  that  it  becomes  neces- 
sar}%  as  before  stated,  to  add  to  the  solidity  of  the  platform  at  the  points  which 
first  receive  the  shock,  namely,  in  the  line  of  the  two  rear  trucks. 

In  addition  to  the  principal  object  of  ascertaining  the  amount  of  recoil  on  a 
platform  constructed  with  a  rise  of  1  inch  in  one  foot,  it  was  the  wish  of  Lieut. - 
Colonel  H.  W.  Gordon  to  test  the  reality  of  supposed  danger  of  firing  on 
traversing  platforms,  which  had  induced  an  order,  that  in  firing  the  trucks 
should  be  replaced  by  wooden  chocks.  Tiie  recoil  itself  appears  to  be  quite 
easy,  and  without  any  tendency  to  throw  the  gun  laterally  from  the  platform  ; 
whilst  it  is  evident  that,  as  the  great  rise  of  the  centre  of  gravity  in  a  small 
horizontal  space,  viz.,  5  inches  in  5  feet,  is  sufficient  to  extinguish  the  initial 
velocity  of  recoil,  nothing  should  be  done  to  add  to  the  shock  on  the  platform, 
by  attempting  further  to  diminish  the  recoil. 

When,  however,  the  gun  has  been  discharged  and  put  in  motion,  in  order  to 
be  run  up,  it  is  liable  to  acquire  velocity,  and  to  strike  violently  against  the 
front  stops  of  the  platft)rm  ;  and  here  there  might  be  a  danger  either  of  injury 
to  the  platform,  or  to  the  gun.  Lieut. -Colonel  II.  W.  Gordon  guarded  against 
this  evil,  by  placing  wads  on  the  front  stops  ;  and  so  great  was  the  force  with 
which  they  were  struck,  that  they  were  quite  flattened  by  the  shock.     These 
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circumstances  suggest, — first,  a  modification  of  the  form  of  the  platform,  which 
should  be  made  in  such  a  manner  as  to  allow  the  fore  trucks  to  rise  upwards 
gradually  on  approaching  the  front,  and  thus  to  extinguish  the  acquired  velocity 
without  a  shock. 

•2nd.  A  diminution  of  the  length  of  the  platform,  which  being  now  15  feet, 
is  at  least  two  feet  longer  than  can  be  necessary.  This  excess,  by  increasing 
the  radius  of  the  traversing  curve  in  rear,  is  frequently  the  cause  of  much 
inconvenience,  and  especially  in  cases  where  it  may  be  desirable  to  traverse  the 
gun  all  round  the  circle,  as  is  actually  the  case  in  the  salient  of  the  right  bastion 
of  the  scarpone  horn- work.  When  reduced  to  13  feet,  the  platform  will  traverse 
on  a  centre  pivot,  without  inconvenience,  through  the  whole  circle. 

The  advantage  of  increased  leverage  is  not  sufficient  to  compensate  for  the 
disadvantage  of  a  restricted  traversing  curve  ;  and  even  in  this  sense,  power 
might  be  more  advantageously  applied,  were  there  a  contrivance  for  shipping  on 
long  handspikes  at  a  more  convenient  height  than  that  of  the  sides  of  the 
present  traversing  platforms. 

It  would  also  be  an  improvement  were  the  traversing  curb  increased  in 
width,  and  the  handspikes  appUed,  not  to  the  wheel  itself,  but  to  a  projection, 
one  on  each  side,  from  the  leg  of  the  platform. 

Another  cause  of  difficulty  in  traversing  is  consequent  on  the  form  of  the 
wheels,  which  are  not  sufficiently  adapted  to  the  cur\-e  in  which  they  move. 
The  two  accompanying  sketches  show  the  traversing  platform  as  now  con- 
structed, and  a  similar  side  of  one  as  proposed  to  be  modified. 

Present  form  of  traversing  platform,  showing  the  position  of  the  front  truck  when  run  up,  the  space 
occupied  by  the  carriage,  and  the  position  of  the  rear  truck  after  recoil. 

Axle  of  rear  truck  after  recoil. 


In  the  latter  the  rise  is  at  first  gradual,  ^  inch  to  a  foot,  and  then  increases 
so  that  the  ultimate  rise  is  the  same  as  if  it  had  proceeded  from  the  beginning 
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at  1  inch  per  foot,  the  advantage  of  which  is  that  the  first  shock  is  not  so 
great.  At  the  point  where  the  shock  is  first  received  the  thickness  is  aug- 
mented, and  instead  of  the  front  stop  being  so  constructed  as  to  receive  the 
full  shock  of  the  front  truck,  as  in  the  first  figure,  it  is  gradually  curved,  and 
will  therefore  quietly  extinguish  the  velocity  acquired. 

Proposed  form  of  traversing  platform,  showing  the  position  of  the  carriage  before  and  after  recoil. 


1  may  further  observe,  that  the  objection  of  excessive  length  (16'  6")  apphes 
to  Lieut. -Colonel  Emmett's  dwarf  traversing  platforms,  particularly  as  the  gun 
carriage  itself  is  not  to  be  supported  by  trucks,  but  by  chocks :  as,  however,  it 
does  not  appear  to  have  been  intended  for  traversing  in  an  extensive  curve,  the 
evil  will  not  often  be  practically  felt.  I  shall  conclude  these  remarks  by 
observ'ing,  that  whoever  has  noticed  attentively  the  present  mode  of  running  up 
a  gun  on  a  common  platform,  must  have  been  struck  by  the  clumsmess  of  the 
process ;  and  I  would  therefore  suggest  that  the  principle  of  traversing  should 
(as  in  a  rough  way  it  actually  is  in  the  Madras  platforms)  be  extended  to 
all  guns. 

This  would  require  an  iron  frame  corresponding  to  the  top  of  the  traversing 
j)latform,  supported  by  a  pivot  either  in  front  or  in  the  centre,  and  by  small 
well-constructed  rollers  in  the  curve  of  traverse.  This  frame  should  be  re- 
ceived in  a  depression  of  the  ground  so  excavated  that  the  summit  of  the  frame 
should  be  flush  with  the  surface ;  and  between  each  pair  of  platforms  or  guns 
tlie  ground  should  be  raised  2  or  3  feet,  or  a  low  broad  wall  built,  which  would 
act  as  a  dwarf  traverse,  and  augment  the  chances  of  security  of  the  platform, 
whilst  the  shot  might  still  be  piled  upon  it. 

This  is  in  part  similar  to  tlic  plan  adopted  by  Colonel  Harding,  R.E.,  at 
Gibraltar,  though  in  that  case  the  platform  is  raised  on  a  solid  wall,  and 
becomes  a  traverse  to  the  space  between  the  guns. 
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MORTAR  PLATFORMS. 


In  platforms  for  this  class  of  ordnance  it  might  be  supposed  that  there 
is  little  room  for  uncertainty,  as  the  recoil  both  from  the  vertical  direction 
of  the  fire,  and  from  the  nature  of  the  friction  (being  that  of  sliding),  is  usually 
considered  very  small.  General  Pasley  has,  however,  observed  that  "  the 
recoil  of  mortars  is  rather  capricious  ;  it  is  small  when  the  mortar  bed  moves 
upon  a  rough  dr)^  surface,  and  great  on  a  smooth  wet  surface ;"  and  when  it  is 
remembered  that  the  proportion  in  weight  of  the  loaded  shell  is  to  that  of  the 
mortar  only  as  1  to  68,  this  amount  of  recoil,  under  such  circumstances,  will 
not  be  a  matter  of  surprise. 

On  referring  to  received  authorities  for  the  proper  dimensions  of  such  plat- 
forms, some  uncertainty  appears  even  as  regards  wooden  platforms,  and  no 
data  can  be  found  by  which  the  rule  for  one  material  can  be  so  modified  as  to 
suit  the  other.  Spearman  (ed.  1828)  gives  a  number  and  dimensions  of  planks 
which  would  imply  a  length  of  10'  10"  and  breadth  of  13'  6",  though  his 
sleepers  are  estimated  at  9'  3"  only ;  and  the  dimensions  adopted  by  General 
Pasley  are — length  T  6",  breadth  6'  6",  which  are  amply  sufficient  for  a  wooden 
platform. 

At  this  station  the  stone  mortar  platforms  had  been  estimated  at  8  feet 
square,  or  nearly  in  conformity  with  General  Pasley's  rule  for  those  constructed 
of  wood ;  but  a  sense  of  the  insufficiency  of  their  dimensions  had  led  to  some 
alteration  of  dimension,  and  the  Commanding  Royal  Engineer,  Lieut. -Colonel 
Thomson,  had  laid  down  as  a  rule  for  the  station,  that  stone  platforms  for 

13-inch  mortars  should  be 10  feet  square. 

Ditto  for  10-inch  ditto  9 
Ditto  for    8-inch  ditto  8 

Still  it  was  desirable  to  test  the  question  by  a  direct  reference  to  experiment, 
and  here  again  Lieut. -Colonel  H.  W.  Gordon,  Royal  Artillery,  came  to  the 
assistance  of  the  Department,  and  obtained  the  authority  of  His  Excellency 
Lord  Seaton  to  fire  a  number  of  French  shells  from  a  13-inch  mortar  placed  on 
a  stone  platform  at  Cape  Sidero  ;  the  platform  being  formed  of  cubical  blocks 
(2  feet  each  side)  of  white  limestone,  resting  horizontally  on  a  bed  of  concrete 
4  feet  thick.     The  result  of  this  first  experiment  is  as  follows : 


VOL.   VIII. 


18 


NOTES    ON    PLATFORMS. 


Time  of 

No.  of 

Recoil. 

flight. 

rounds. 

Total  weight  of  six 

12-5-inch  shells. 

Remarks. 

Feet. 

Inches. 

Seconds. 

Metal,  tbs.  ]sand,R.s. 

Total  weight,  lbs. 

6 

1 

•22i 

1 

168 

17 

185 

5 

1 

22 

2 

150 

24 

174 

Platform  sanded. 

4 

9 

22 

3 

168 

16 

184 

5 

0 

221 

4 

158 

23 

181 

4 

11? 

22 

5 

159 

23 

182 

4 

8 

221 
powder. 

6 

159 

28 

187 

Charge,  9  fts.  of 

Total       .     .     . 

.      1093 

Average 

fts.      . 

182 

giving  a  maximum  recoil  on  the  unsanded  platform  of  G'  1",  and  an  average 
recoil  on  the  sanded  platform  of  4'  1 1",  the  mortar  recoiling,  even  when  placed 
flush  with  the  front  of  the  platform  before  firing,  about  15  inches  beyond 
the  rear. 

A  result  so  different  from  that  of  practice  on  wooden  platforms,  in  which  the 
average  recoil  is  stated  by  General  Pasley  to  be,  under  favourable  circum- 
stances, only  14  inches,  naturally  induced  the  Commanding  Officers  both  of 
the  Artillery  and  Engineers,  to  wish  to  have  the  experiments  repeated  on  a 
wooden  platform,  and  for  this  purpose  directions  were  given  that  some  pieces 
of  old  fir  scantling  should  be  formed  into  a  platform  for  the  purpose ;  and  the 
mamier  in  which  this  was  effected  by  Mr.  Mennie,  the  intelligent  Clerk  of  the 
Works  at  this  station,  affords  a  hint  for  a  very  simple  and  effective  construction 
of  platform,  of  which  I  shall  presently  avail  myself.  The  temporary  platform 
was  placed  over  the  stone  platform  before  used,  and  secured  from  any  retro- 
grade movement  by  pegs  driven  into  the  ground.  The  result  of  this  practice 
is  exhibited  in  the  following  return  : 


Time  of 

No.  of 

Recoil. 

flight. 

rounds. 

Weight  of  six  12-5 

-inch  shells. 

Remarks. 

Feet.        Inches. 

Seconds. 

Metal,  tbs.  Sand, H>s. 

Total  weight. 

6 

21 

1 

159 

22 

181 

n 

22 

o 

166 

23 

1^9 

«i 

23 

3 

154 

22 

176 

8 

24 

4 

141 

27 

168 

6^ 

20 

5 

142 

24 

1C6 

9} 

23 
powder. 

6 

157      1     24 
Total     .     .     . 

181 

Charge,  9  lbs.  of 

.     1061 

Aver.igc 

lbs.    . 

■       176J 
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The  average  recoil  was  therefore  1'  8"  nearly,  or  3'  3"  less  than  on  the  stone 
platform. 

This  great  excess  of  retardation  in  the  wooden  platform  is  partly  due  to  the 
greater  amount  of  friction  hetween  iron  and  wood  than  between  iron  and  stone, 
as  is  shown  by  the  following  constants  of  friction  extracted  from  Poncelet's 
'  Me'canique  Industrielle,'  viz. : 

At  the  moment  of  entering  into  motion  after  continued  rest, 

Iron  upon  wood  (surfaces  dry)         .  .  .  .         .     060 

Iron  upon  hard  limestone        ......     0'42 

After  motion  has  commenced, 

Iron  upon  wood  (surfaces  dry)         .....     0'42 
Iron  upon  hard  limestone       .         .         .         .         .         .     0'24 

and  partly  to  the  yielding  of  the  wood  under  the  shock  of  firing,  which,  if  the 
wood  were  non-elastic,  must  swallow  up  in  its  change  of  form  a  portion  of 
working  force ;  and  if  elastic,  must  at  least  produce  the  effect  of  an  uneven 
surface,  and  cause  the  mortar  to  rise  up  an  inclined  plane.  It  is  unnecessary 
to  pursue  the  subject  further  theoretically,  as  the  practical  result  confirms 
the  propriety  of  Lieut. -Colonel  Tliomson's  caution  in  increasing  the  dimen- 
sions of  the  platforms,  and  demonstrates  the  advantage  of  wooden  platforms 
generally. 

Reverting  now  to  the  subject  of  the  temporary  platform  already  alluded  to, 
it  consisted,  as  put  together  by  Mr.  Mennie,  of  fifteen  pieces  of  fir  scantling, 
8  feet  long,  being  timber  obtained  from  demolished  buildings. 

They  were  put  close  to  each  other,  and  tied  together  by  two  long  iron  rods  or 
bolts,  passing  through  the  whole,  and  secured  at  the 
ends  by  nuts :    it  was  therefore  of  the  annexed  form, 
two  ribands,  which,  however,  might  be  omitted,  having 
been  attached  at  the  sides. 

Nothing  can  be  more  simple  than  this  construction, 
and  apparently  nothing  more  efficient,  as  the  bed  of  the 
mortar  in  the  practice  here  recorded  made  no  impres- 
sion whatever  on  the  platform,  although  it  suffered,  as 
is  always  the  case  in  platforms  of  fir,  by  the  action  of  the  handspikes  in 
running  up. 
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In  the  adaptation  of  this  form  of  platform,  which  it  is  now  my  intention  to 
propose  for  general  adoption,  the  scantling  will  be  8"  by  8",  the  length  of  the 
pieces  or  breadth  of  the  platform  6  feet,  the  number  of  them,  eleven,  being 
equivalent  to  a  length  of  7'  4";  whilst  in  General  Pasley's  platform  the  length 
is  T  6",  and  the  breadth  6'  6",  that  breadth  being  diminished  by  ribands  to 
5'  10"  in  the  clear.  This  platform  will,  in  permanent  works,  be  simply  laid 
down  on  a  bed  of  concrete,  3  feet  thick,  being  kept  from  recoil  by  abutting 
against  a  small  stone  platform,  of  which  more  hereafter.  In  the  field,  the 
ground  must  be  levelled  and  rammed,  and  pickets  driven  in  at  the  rear  of  the 
platform.  Of  the  simplicity  of  this  plan,  which  requires  only  one  description 
and  size  of  wood,  there  can  be  no  doubt,  and  it  can  only  require  modification 
in  very  soft  ground,  when  it  would  be  quite  sufiicient  to  place  under  it  two 
sleepers,  of  a  similar  scantling,  one  under  each  connecting  rod. 

Let,  now,  the  weight  be  inquired  into  and  compared  with  the  ordinary  field 
platforms. 

If  made  of  oak — weight  in  wood        .         .         .         .     131 3"  75 
,,      in  iron  ....         53" 75 


1367-50 


If  made  of  fir — weight  in  wood         .         .         .         .        915-64 
„      in  iron  ....  53' 75 


969-39 


General  Pasley's  platform,  fir  sleepers  and  oak  planks,     11 18  lbs. 
Ditto,  made  entirely  of  fir  .         .         .         .  1057  lbs. 

So  that  a  platform  of  this  construction,  if  made  of  oak,  exceeds  in  weight  the 
first  of  General  Pasley's,  or  that  having  oak  planks,  by  249  fts. ;  and  if  made 
of  fir,  falls  short  in  weight  of  General  Pasley's  platform,  made  of  the  same 
material,  by  about  188  lbs.;  and  if  provided  with  two  sleepers,  7  feet  long,  and 
of  the  same  material,  to  meet  the  case  of  soft  ground,  the  total  weight  of  the 
platform  would  be  1 103  6,  or  only  about  e^lbs.  heavier  than  General  Pasley's 
platform,  whilst  in  solidity  and  facility  of  manipulation  it  would  greatly 
surpass  it. 

This  description  of  platform  I  propose  to  call  solid  platforms ;  and  it  appears 
to  mc  that  the  simplicity  of  this  construction,  and  the  ease  with  which  they 
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caa  at  any  time  be  put  together,  renders  it  unnecessary  that  they  should  be 
exposed  to  the  destructive  effects  of  the  weather.  In  fortresses,  therefore,  the 
foundations,  whether  of  concrete  or  of  sand,  gravel  or  hard  earth,  should 
be  made  ready  to  receive  at  any  time  the  platform ;  and  in  rear  of  and  con- 
tiguous to  this  prepared  base  should  be  a  small  platform  of  stone,  the  surface 
of  which  ought  to  be  on  the  level  at  which  the  surface  of  the  solid  platform 
when  laid  will  stand.  On  this  small  platform  the  mortar  bed  will  be  placed 
when  it  is  intended  to  remove  the  solid  platform  and  put  it  into  store ;  and  on 
the  other  hand,  when  the  sohd  platform  has  been  again  laid  down,  preparatory 
to  service,  its  end  will  abut  against  the  small  platform,  and  the  mortar  may  be 
readily  slipped  from  the  latter  upon  it. 

I  propose  to  call   the   small  platform  a  resting  platform,  and  the  whole 
arrangement,  as  suited  to  a  13-inch  mortar,  will  be  at  once 
understood  by  the  annexed  diagram. 

In  respect  to  mortars  of  a  lesser  calibre,  the  size  of  the 
prepared  platform  is  so  reasonable  that  it  does  not  appear 
necessary  to  diminish  it  for  smaller  mortars ;  and  the  great 
advantages  are  therefore  attained,  that  the  size  of  mortar 
which  at  any  time  it  may  be  found  desirable  to  use,  can 
be  adopted  without  an  alteration  of  the  platform,  and  that 
either  mortar  or  platform  becoming  unserviceable,  can  be 
at  once  replaced  by  another. 

In  a  similar  manner,  by  preparing  additional  beds  and  resting  platforms,  the 
platforms  intended  for  one  front  or  division  of  a  fortress  may  be  laid  down  at 
any  other,  and  the  mortar  batteries  augmented  in  force  according  to  circum- 
stances. 

The  principle  of  solid  platforms  is  equally  applicable  to  gun  platforms,  but, 
on  account  of  their  greater  length,  the  bolts  or  tie-rods  must  be  in  two  sets, 
and  the  platform  will  be  put  together,  beginning  with  the  centre  and  proceeding 
to  the  two  ends,  as  shown  in  the  following  diagrams  : 


2 

"  round  bolt 

r^^                                          JX 

ti'O"        :: 

^ 

:\           B. 

-'       3'ti"     - 

a. 

22 


NOTES    ON    PLATFORMS. 


^ 

^ 

.;      8'0"     :; 

*!          '■'■ 

i: 

'■■ 

'';           ;i              1 

^^-] 

^:A                1;    :i                  I 

Aii 

:!                                 ii 

■                     1 

;;               I 

' '                       ■                1 

1 

1 

1                                                        I 

1  ■                            I')'  0"                             1 

•^ 

V 

4= a> 


'S' 


t: 


To 


By  this  arrangement  each  set  of  rods  passes  through  fourteen 
pieces,  or  9'  4"  in  length,  and  at  any  time  that  portion  of  the  plat- 
form, by  leaving  out  the  other  pair  of  rods,  may  be  used  by  itself, 
to  meet  any  unexpected  contingency,  or  may  replace  a  similar  portion 
of  any  other  platform  rendered  unserviceable. 

Should  it  be  thought  desirable  to  keep  all  but  a  limited  number  of 
the  platforms  in  store — either  resting  platforms,  4'G"  by  5  feet,  must 
be  placed,  as  in  the  case  of  mortars,  n  >„  -l-, 

behind  the  platforms,  to  receive  the 
gun,  or  resting  curbs,  one  for  each 
line  of  trucks. 

The  injury  done  to  the  platforms 
by  the  action  of  the  handspikes  in 
running  up  has  been  already  noticed. 

This  might  be  obviated  in  mortar  platforms  by  the  use  of  two 
racked  iron  plates,  prevented  from  slipping  backwards  by  stops 
abutting  against  the  front  of  the  platform.  One  of  these  would  be 
placed  close  to  the  mortar  bed  on  each  side,  and  the  handspikes 
would  act  on  the  racks,  so  as  to  keep  the  plate  steady,  and  bearing 
on  the  stop, 
lessen  the  friction  in  running  up,  the  form  of  the  mortar  bed  should  also 
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be  altered.  At  present  it  is  thus  shaped,  so  that  on 
each  lift  of  the  handspike  it  bears  on  a  sheirp  edge 
at  A,  and  presses  into  the  platform :  the  base  should 
be  rounded  thus. 

On  this  particular  subject  I  have  only  further  to 
notice  that  the  concrete,  sand,  or  gravel  bed,  pre- 
pared for  the  platform,  should  be  covered  with  a  layer 
of  either  cement  or  tarras,  to  preserve  a  smooth,  \^ 
even,  and  regular  surface,  always  ready  for  the  re- 
ception of  the  platform. 

I  shall  close  these  notes  by  a  few  remarks  on  the  slopes  of  platforms,  and  on 
the  advantage  of  applying  the  traversing  principle  in  all  cases. 

1st.  As  regards  the  slope  of  mortar  platforms,  though  it  has  been  usual  in 
our  service  to  lay  them  horizontal,  the  rule  laid  down  by  Vauban  (Att.  et  Def. 
torn.  i.  page  80,  ed.  1737,)  was  to  give  them  a  slope  of  1  inch  in  3  feet,  and 
this  rule  was  subsequently  adopted  by  General  Pasley  in  his  improved  mortar 
platform. 

The  reason  assigned  by  General  Pasley  is  that  the  shock  of  the  mortar  tends 
to  beat  down  the  portion  of  the  platform  receiving  it,  and  that  in  consequence 
such  portion  should  be  more  raised  than  the  rest ;  but  this  appears  unsatis- 
factory, as  the  result  would  be  an  unequal  or  convex  surface. 

To  guard  against  such  unequal  sinking,  the  thickness  of  the  concrete  or 
other  foundation  might  be  increased  at  the  point  of  greatest  shock;  and  as 
regards  the  object  of  Vauban  in  recommending  a  slope,  I  am  inchned  to  think 
it  had  reference  only  to  the  recoil. 

From  the  mode  of  laying  mortars  in  line,  I  am  inchned  to  think  any  material 
slope  of  the  platform  injurious,  as  it  must  be  evident  that  if  the  mortar  be 
traversed  much  out  of  the  hne  of  the  bisecting  vertical  plane,  it  will  be  in  a 
plane  inchned  to  the  vertical  plane,  whilst  the  pointers  used  for  direction  are 
vertical,  and  consequently  that  precision  of  firing  may  be  materially  affected.  I 
therefore  think  that  mortar  platforms  should  be  laid  horizontal. 

The  same  cause  affects,  though  in  a  minor  degree,  the  firing  of  guns,  and  is 
an  additional  reason  for  adopting  a  sunk  traversing  platform,  in  which  the  gun 
is  always  retained  in  a  vertical  plane. 

2nd.  My  preceding  remark  renders  it  only  necessary  to  repeat,  in  respect  to 
the  principle  of  traversing,  that  it  might  be  simply  and  easily  attained  by 
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adopting  an  iron  frame,  similar  in  structure  to  tlie  top  of  the  present  iron  tra- 
versing platform,  the  trucks  of  which  should  be  so  attached  to  the  frame  as  to 
raise  the  rear  portion  of  the  slide  or  rail  1  foot  from  the  surface,  whilst  the 
pivot  in  front  would  be  sunk,  in  order  to  place  the  front  of  the  slide  nearly 
level  with  the  surface,  the  platform  being  13  feet  long,  and  the  slide  or  rail 
portion  having  a  slope  of  1  inch  in  1  foot.  I  do  not  think  it  necessary  to  enter 
into  further  detail  on  this  subject,  and  I  shall  conclude  these  Notes,  which  I 
submit  to  the  consideration  of  my  Brother  OtRcers  both  of  the  Artillery  and 
Engineers,  with  this  observation, — that  in  order  to  restore  the  balance  in  favour 
of  the  defence,  if  such  can  be  done,  the  effects  of  vertical  fire,  and  in  the  case 
of  sea  attacks,  of  musketry  fire,  must  be  guarded  against  by  casemating  the 
batteries,  or  at  least  the  embrasures,  and  by  securing  the  guns,  if  not  case- 
mated,  from  the  effects  of  ricochet  fire,  by  the  introduction  of  traverse  walls 
between  the  guns,  in  addition  to  the  ordinaiy  traverses.  Every  thing  also 
which  facilitates  firing  and  the  general  manipulation  of  the  gun,  by  rendering 
the  running  up  and  traversing  more  ready  and  convenient,  contributes  also  to 
this  great  result.  I  may  finally  remark,  that  I  should  have  hesitated  to  submit 
these  Notes,  did  I  not  believe  that  I  have  the  concurrence  in  their  propriety,  of 
my  two  experienced  friends,  Lieut. -Colonel  Thomson,  Commanding  Royal 
Engineer,  and  Lieut. -Colonel  H.  W.  Gordon,  Commanding  Royal  Artillery,  in 
these  Islands. 

The  subject  of  traverses  I  hope  to  take  up  generally  in  another  Paper,  as  it 
does  not  appear  to  me  that  their  position  at  present  is  determined  upon  suf- 
ficiently fixed  principles. 

J.   E.   PORTLOCK, 
Corfu,  Oct.  4,  1S44.  Captain,  Royal  Engineers. 


III. — Description  of  Siege  Gun  and  Mortar  Platforms. 
By  Lieut. -Col.  Alderson,  R.E. 

SIEGE    GUN    AND    MORTAR    PLATFORMS. 

1st.  The  object  of  the  construction  of  siege  gun  and  mortar  platforms  is  to 
place  the  artillery  in  battery  on  hard  level  surfaces  capable  of  retaining  their 
position,  and  of  enabling  the  artillerymen  to  make  correct  practice  with  fewer 
men,  from  the  facility  afforded  for  running  the  gun  or  mortar  up  after  each 
discbarge. 

2nd.  As  these  works  have  generally  to  be  laid  under  fire,  and  frequently 
during  the  night,  the  more  simple  their  construction  and  the  more  uniform 
their  parts,  the  better. 

GUN    PLATFORM. 

3rd.  The  gun  platform  now  to  be  described,  and  which  has  been  satisfactorily 
proved  by  the  Royal  Artillery  practice  at  Woolwich,  has  therefore  been  made 
to  consist  of  baulks  of  uniform  length  and  scantling,  which  serve  both  for 
sleepers  and  planking. 

Each  baulk  is  a  piece  of  timber  9  feet  long,  3^  inches  thick,  and  5  inches  wide, 
weighing  about  37  lbs.,  sufficiently  light  to  be  carried  to  the  spot  by  one  man, 
besides  his  arms  and  ammunition,  and,  being  universal,  it  will  fit  into  any  part 
of  the  platform. 

4th.  This  is  the  minimum  size,  but  if  made  on  the  spot,  or  in  the  field,  the 
principle  may  be  equally  adapted  to  any  other  increased  dimensions ;  and  thus 
render  available  such  timber  as  may  be  procured  at  the  time,  with  the  greatest 
economy  of  material  and  labour.  If  constructed  of  the  minimum  dimensions 
above  stated,  a  gun  platform  13'  X  9'  will  consist  of 
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cwt.     qrs.    fts. 


46  baulks,  with  47  trenails  10"  long  and  }"  diameter,  each  of  which  makes  ■^ 

4  dowels  2^"  long;  1  oak  trenail  being  added  for  the  rear  centre  >  15       0     '22 

pin  of  platform J 

9  round  iron  pins  11"  long,  including  the  eye 0       0     18 

10  iron  shoes  and  20  inch  screws 0       12 

Total  weight  15       2     14 

When  the  platform  is  required  to  be  18  feet  in  length,  the  sleeper  is  formed 
as  shown  in  fig.  6. 

1 2  additional  baulks  and  trenails, 
10       do.         iron  shoes, 
20       do.        iron  screws, 

will  then  be  required,  adding  1  cwt.  0  qr.  26  lbs.  to  the  weight  of  the  platform. 

Figs.  1  and  2  represent  a  baulk  of  the  above-named  dimensions,  with  eight 
holes  bored  ly  inch  deep  and  J  inch  diameter,  at  the  distances  specified,  four 
on  each  side  of  two  opposite  sides,  both  sides  being  alike  when  taken  from 
opposite  ends.  Oak  dowels  2  J  inches  long  and  f  inch  diameter  (four  of  which 
are  obtained  from  each  trenail)  are  then  introduced  half  their  length  into  the 
holes  on  one  side  of  each  baulk. 

Figs.  1  and  2  :  a,b,c,d,  represent  the  dowels,  and  e,f,  g,  h,  the  holes. 

Fig.  9  represents  three  baulks  (with  their  pins  complete)  of  10  feet  each  in 
length,  which  must  be  used  when  the  platforms  are  required  to  be  10  feet  in 
width.  Of  these  baulks,  a  and  b,  or  a  and  c,  show  how  two  are  put  together 
to  form  a  sleeper  when  the  platform  is  to  be  10'xl5'.  The  three  together, 
a,  b,  and  c,  show  the  mode  of  forming  the  sleeper  for  a  platform  10'X20',  if 
required ;  but  the  flooring  need  not  necessarily  extend  to  the  ends  of  the 
sleepers.  The  platforms,  whatever  may  be  their  dimensions,  are  put  together 
in  precisely  the  same  manner. 

The  10-feet  baulk  weighs  about  41  lbs. 

5th.  Into  the  end  of  the  dowel  which  enters  the  baulk,  a  fox  wedge  (fig.  3) 
is  introduced,  to  prevent  the  dowel  dropping  out.  The  dowel  is  then  \^  inch 
within  the  baulk,  and  projects  the  same  beyond  it,  and  this  projection  fits  into 
the  holes  of  the  next  baulk. 

Gth.  In  order  to  lay  a  gun  platform,  take  any  ten  of  the  baulks  and  dowel 
them  together  two  and  two,  as  shown  in  tig.  4  ;  each  two  baulks  will  then  form 
one  sleeper  15  feet  in  length. 
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7th.  It  is  to  obtain  this  length  that  the  holes  are  bored  at  the  distances 
specified.  Two  iron  shoes  2  inches  broad  and  j  inch  thick  are  then  fitted  on  and 
fixed  with  a  small  screw,  as  shown  in  figs.  4  and  5,  to  keep  the  sleepers  steady. 

8th.  Fig.  G  shows  how  the  sleepers  may  be  made  18  feet  with  the  same 
baulks,  should  it  be  requisite,  from  the  nature  of  the  ground,  to  prevent  the 
trail  of  the  gun  recoiling  off  the  platform,  which  a  32-pounder  invariably  does, 
with  service  charge,  when  the  platform  is  15  feet  in  length,  laid  with  the  usual 
fall  to  the  front  of  ^  an  inch  per  foot. 

9th.  Each  platform  requires  five  sleepers,  which  must  be  laid  in  the  space  of 
9  feet,  the  width  of  the  intended  platform  as  shown  in  fig.  4.  Before  laying  the 
platform,  holes,  f  inch  diameter,  must  be  bored  2h  inches  from  one  end  of 
each  sleeper,  and  that  end  is  to  be  placed  at  the  front  of  the  platform. 

10th.  The  platform  is  now  laid  in  the  usual  manner  by  excavating  trenches 
to  receive  the  sleepers,  and,  after  levelling  them  with  the  field  level,  securing 
them  in  their  places  by  filling  in  the  trench  on  both  sides  of  the  sleeper,  and 
ramming  it  well,  taking  great  care  not  to  injure  the  sleeper. 

II th.  Next  take  any  one  of  the  baulks  and  lay  it  transversely  on  the  ends  of 
the  five  sleepers,  over  the  holes  thus  bored,  and  bore  five  similar  holes  through 
the  baulk  immediately  over  them,  as  shown  in  fig.  7. 

12th.  Place  five  iron  pins  through  these  holes  of  the  transverse  baulk  and 
through  the  corresponding  holes  in  the  ends  of  the  sleepers,  fig.  7 ;  the  position 
of  the  sleepers  in  front  will  then  be  secured. 

13th.  In  the  rear  a  baulk  must  only  be  placed  over  the  ends  of  the  sleepers 
as  a  guide,  but  without  boring  either,  as  the  exact  place  for  the  holes  cannot  be 
determined  until  the  last  baulk  of  the  platform  is  laid,  and  as  it  is  not  necessary 
that  all  the  baulks  should  be  one  width. 

14th.  When  the  last  baulk  of  the  platform  is  laid,  bore  through  it  and  the 
ends  of  the  sleepers  as  in  front ;  insert  the  pins,  and  the  platform  is  fit  for  use. 

1 5th.  The  centre  rear  pin  is  to  be  an  oak  trenail ;  it  will  then  be  flush  with 
the  platform,  and  let  the  trail  of  the  gun  recoil  without  meeting  with  any 
impediment. 

16th.  The  platform  thus  laid  is  a  clear  uninterrupted  surface  of  9'  X  15', 
or  9'X  18',  as  the  case  may  be,  with  the  exception  of  the  heads  of  the  pins  front 
and  rear,  a  portion  of  which  is  shown  in  fig.  4. 

17th.  It  will  be  evident  that  in  the  construction  of  this  kind  of  platform  the 
holes  in  each  baulk  must  be  bored  at  precisely  corresponding  distances,  and  this 
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it  is  proposed  to  effect  by  the  construction  of  a  dowel  box,  which  may  be  easily 
done  at  the  engineer  park  in  the  following  manner. 

18th.  If  the  carpenter's  bench  be  long  enough,  no  bottom  piece  will  be  re- 
quired; if  not,  a  bottom  piece  or  plank  {kkk),  and  upon  it  an  end  piece  placed 
transversely  (/),  a  front  piece  {mm),  and  a  rear  piece  or  cleat  (nil),  with  four 
wedges  (oooo),  laid  longitudinally.  The  front  piece  must  be  bored  at  the 
required  height  and  distances  1,  2,  3,  4. 

19th.  The  baulks  being  then  made  of  the  required  thickness  and  squared,  are 
placed  one  at  a  time  into  the  dowel  box,  and  pushed  home  to  / ;  the  baulk  (P)  is 
then  wedged  tight  up  to  the  inner  side  of  the  front  piece,  and  is  bored  with  a  f 
centre  bit  thiough  the  holes  before  mentioned.  Prior  to  its  being  taken  out  of 
the  dowel  box,  after  one  side  is  bored,  it  must  be  made  exactly  of  the  pi'oper 
length  by  sawing  the  end  (q)  to  the  gauge  shown  by  the  saw  kerf  on  the  dowel 
box ;  the  baulk  is  then  taken  out,  turned  over  and  end  for  end,  refixed  in  the 
dowel  box,  and  again  bored  :  in  this  way  every  baulk  must  be  similar  in  every 
respect. 

20th.  Iron  pins  and  shoes  have  been  introduced  in  the  construction  of  these 
platforms  to  enable  them  to  be  easier  relaid  during  the  siege ;  but  for  all  the 
purposes  of  strength,  the  wooden  pins  or  trenails  will  answer ;  and  the  shoes, 
excepting  in  bad  ground,  may  be  dispensed  with,  or  made  of  wood,  if  required. 

21st.  In  taking  to  pieces  a  platform  thus  laid,  the  wooden  pins  or  trenails 
must  be  driven  or  bored  out  and  fresh  provided,  if  the  platform  is  required  to 
be  relaid ;  the  iron  pins  therefore  are  to  be  preferred. 

An  additional  supply  both  of  iron  pins  and  oak  trenails  should  accompany 
every  siege  equipment,  as  the  small-sized  scanthng  required  for  the  platforms 
will  almost  always  be  found  on  the  spot. 


MORTAR    PLATFORMS. 

Siege  mortar  platforms  for  8-inch  and  10-inch  mortars  may  also  be  con- 
structed of  the  same  baulks  and  pins  used  in  the  gun  j)latforms. 
An  S  or  10-inch  mortar  platform  of  this  kind  will  consist  of 

24  baulks,  (18  as  deck,  6  as  sleepers,)  with  24  trenails  10  inches  long 
and  J  inch  diameter    ......... 

1 2  iron  pins  .......... 

Total  weight 8     0     26 


cwt. 

qrs. 

lis. 

7 

3 

30 

0 

0 

24 
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This  will  make  a  platform  9  feet  X  7  feet  6  inches  (fig.  1)  ;  the  flooring  can 
be  diminished  or  increased  to  9  feet  square,  as  may  be  deemed  necessary. 

The  ends  of  the  sleepers  will  necessarily  project  in  a  platform  of  the  above 
dimensions ;  should  they  be  in  the  way,  they  can  be  cut  off  where  the  deck 
ceases  :  tliis  will,  however,  prevent  their  sleepers  from  being  used  in  any  other 
description  of  platform. 

The  sleepers  can  also,  in  case  of  any  bad  ground,  be  doubled,  by  merely 
dowelling  two  together,  and  putting  on  two  of  the  iron  shoes  used  in  the 
gun  platforms,  as  shown  in  fig.  2. 

The  platform  fig.  1,  has,  like  the  gun  platforms,  been  satisfactorily  proved 
by  the  Royal  Artillery  in  the  marshes  at  Woolwich. 

13-inch  mortars  are  scarcely  considered  siege  artillery,  from  the  difficulty  of 
obtaining  transport  for  them.* 

Still,  as  this  difficulty  is  frequently  overcome,  either  from  the  facility  of 
obtaining  water  carriage,  good  roads,  or  the  place  to  be  attacked  being  on  the 
seaboard,  it  is  necessary  that  platforms  should  be  provided  for  them. 

The  platform  for  8  and  10-inch  mortars,  even  with  the  addition  of  double 
sleepers,  formed  by  two  baulks  dowelled  together  as  in  fig.  2,  and  double 
pinned,  has  been  found  insufficient  to  bear  the  great  weight  and  shock  of  a 
13-inch  mortar,  in  the  soft  ground  of  the  marshes  at  Woolwich.  Should  it 
therefore  become  necessary  to  lay  a  13-inch  mortar  platform  with  the  universal 
baulk  before  refened  to,  the  following  plan  is  recommended. 

Lay  three  double  sleepers,  similar  to  fig.  2,  transversely,  or  parallel  to 
the  interior  slope  of  the  batterj"-,  as  front,  centre,  and  rear  of  the  platform  (figs. 
2,  3,  4)  ;  on  these  lay  two  floors  transversely  to  each  other,  the  lower  floor 
corresponding  with  the  sleepers  on  the  8  and  10-inch  mortar  platform.  Pin 
the  whole  down  as  shown  in  fig.  3,  which  represents  a  front  or  rear  elevation  of 
the  platform.     Fig.  4  shows  a  plan  of  a  portion  of  this  platform.^ 

Or,  a  separate  platform  may  be  constructed  of  baulks  on  the  same  principle, 

'  In  the  twelve  siege  operations  during  the  late  Peninsular  War,  no  instance  occurs  of  a  1 3-inch 
mortar  being  used,  and  even  10-inch  mortars  only  at  the  sieges  of  Ciudad  Rodrigo,  St.  Sebastian, 
and  the  blockade  of  Pampeluna.  In  the  preparations  for  the  siege  of  Bayonne,  four  13-inch  mortars 
were  provided,  but  the  land  carriage  from  Passages  was  short,  and  time  was  given  to  the  Engineer 
Department  to  make  ample  preparations  for  the  approaching  siege. 

-  Since  writing  the  above,  this  mode  of  laying  a  platform  for  a  13-inch  mortar  has  been  tried  in 
the  marshes  at  Woolwich,  and  found  to  answer  very  well. 
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bv  increasing  their  dimensions  to  5^  or  G  inches  square,  accordins;  to  the  size 
of  the  timber  to  be  obtained,  and  laid  in  the  same  manner  as  the  8  and  10-inch 
mortar  platform. 

This  platform,  as  well  as  the  8  and  10-inch  one,  may  also  be  strengthened,  if 
necessary,  bv  having  the  sleepers  doubled,  on  the  same  plan  as  shown  in  fig.  2. 

Either  of  these  modes  is  considered  preferable  to  increasing  the  size  of  the 
gun  platform  baulk,  which  being  found  strong  enough  for  general  siege 
operations,  has  the  great  advantages  of  being  universal,  and  light  enough 
to  be  carried  to  the  trenches  by  an  armed  soldier. 

It  is  proposed  in  a  future  Paper  to  show  that  the  universal  platform  baulk 
mav  be  made  applicable  to  the  construction  of  lean-to  expense  magazines  and 
mining  frames. 

R.  C.  Alderson, 

Lieut. -Colonel,  Royal  Engineers. 

Note. — In  the  beginning  of  1844,  siege  platforms  on  this  principle  were  submitted  by  me  to  the 
Master-General  through  the  Inspector-General  of  Fortifications,  and  were  ordered  for  trial  and 
Report  by  the  Select  Committee  at  Woolwich. 

Thev  were  of  four  different  dimensions  : 


ft. 

in.      ft. 

in 

9 

0  X  14 

2 

9 

0  X  15 

0 

9 

6  X  15 

0 

10 

0  X  15 

0 

each  with  four  sleepers. 


No.  1 

2  .         .         . 

3  .         .         . 

4  .  .  . 
One  of  each  kind  was  constructed  by  the  Engineer  Department  at  Woolwich,  and  laid  in  the 

marshes  by  the  Royal  Sappers  and  Miners  imder  the  orders  of  Colonel  Sir  George  Hoste,  C.  B., 
Commanding  Royal  Engineer,  in  May. 

The  Commandant,  General  Lord  Bloomfield,  G.  C.  B.,  ordered  that  a  24  -  pounder  on  siege 
carriages  should  be  mounted  on  each  platform,  and  100  rounds,  with  service  charge  of  Sibs.  of 
powder  at  -|  elevation,  should  be  fired  for  each  gun,  and  the  result  reported  by  the  Select 
Committee. 

On  the  23rd  August,  the  firing  commenced,  and  continued  at  intervals  till  the  26th  November, 
without  the  platforms  requiring  to  be  relaid. 

On  being  taken  up  after  the  practice  was  completed,  the  platforms  were  reported  as  efficient 
as  on  the  day  on  which  they  were  laid  down. 

In  the  course  of  the  practice,  however,  it  was  ascertained  that  the  rear  pin-holes  in  the  ends  of 
the  sleei)er8  showed  a  tendency  to  become  elongated  from  the  great  strain  on  the  rear  pins. 

This  was  remedied  by  driving  a  stake  or  large  picket  immediately  in  rear  of  the  end  of  each 
cltqMir,  until  the  top  of  the  picket  was  level  with  the  upper  surface  of  the  deck  of  the  platform. 

These  pickets  were  also  found  of  service  to  the  rear  deck  pieces,  on  which  there  is  the  greatest 
wear  and  tear,  owing  to  the  trail  of  the  gun  recoihng  off  the  platform  on  each  discharge. 
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Should  this  baulk  require  replacing,  it  may  be  done  in  a  few  minutes  by  making  it  change  places 
with  the  one  next  to  it,  or  with  any  other  piece  of  the  platform. 

The  baulk  which  supplies  its  place  must  be  bored  to  receive  the  pins. 

In  relaying  these  platforms  it  will  be  desirable  to  turn  the  rear  baulk  of  each  sleeper,  end  for 
end,  should  the  pin-hole  in  it  be  elongated,  boring  a  fresh  hole. 

If  different  kinds  of  wood  are  used  in  the  construction  of  these  platforms,  the  hardest  should  be 
selected  for  the  sleepers  and  for  the  outside  or  front  and  rear  deck  pieces,  through  which  the  pins 
pass. 

During  the  practice  it  was  suggested  by  the  Select  Committee  that  a  5th  sleeper  would  be 
an  improvement,  as  there  would  then  be  one  under  each  of  the  wheels  as  well  as  under  the  trail 
of  the  gun.  This  was  accordingly  carried  into  effect  in  No.  4,  and,  though  all  the  platforms 
behaved  equally  well,  it  was  considered  so  judicious  an  alteration,  in  case  of  very  bad  ground  or  very 
continuous  firing,  that  it  was  adopted. 

As  all  the  platforms  were  alike  in  principle,  and  varied  only  in  the  extent  of  surface,  No.  2  was 
selected,  as  presenting  the  minimum  width  with  the  maximum  length. 

Sir  John  T.  Jones,  in  his  History  of  the  Sieges  in  the  Peninsular  War,  (vol.  ii.  p.  196,  Note  on 
Platforms,  2nd.  edit.),  states  that,  "  perhaps  on  further  trial  15  feet  may  be  deemed  sufficient  length 
and  9  feet  sufficient  breadth  for  siege  platforms,  which  would  still  further  reduce  the  weight." 

The  principal  feature  in  the  construction  of  these  platforms  being  the  adoption  of  one  light 
universal  scantling,  it  was  deemed  very  desirable,  if  possible,  to  make  the  same  baulk  answer 
for.  mortar  as  well  as  gun  platforms. 

With  the  concurrence,  therefore,  of  the  Select  Committee,  the  mortar  platform  (fig.  1)  was  laid 
of  a  portion  of  the  baulks  of  one  of  the  above-named  platforms,  in  the  softest  part  of  the  marshes 
at  Woolwich,  and  a  10-inch  mortar  mounted  on  it.  The  result  proved  satisfactory,  (see  Report 
attached,  paragraph  4  ;)  by  which  it  appears  nine  out  of  seventy-two  of  the  dowel  pins  were  broken  : 
this  is  not  to  be  wondered  at,  when  it  is  recollected  that  the  materials  of  these  platforms  had 
been  laid,  exposed  to  the  weather,  from  May,  1844,  to  February,  1845,  and  that  the  sleepers 
had  not  been  tarred  or  any  other  precautions  used  to  preserve  them,  and,  above  all,  that  the  practice 
had  been  at  an  angle  of  75°  in  bad  ground. 

A  platform  also  9  feet  square,  of  a  portion  of  the  same  platforms,  with  sis  double  baulks  similar  to 
fig.  2,  was  laid  near  to  the  10-inch  platform,  and  a  13-inch  mortar  mounted  upon  it,  and  fired  also 
at  75°  elevation.  This  platform  showed  weakness.  After  four  rounds,  that  part  of  the  deck  of  the 
platform  on  which  the  bed  of  the  mortar  stood,  and  all  behind  it,  on  the  mortar  being  fired,  shded 
1 5  inches  bodily  to  the  rear,  without  moving  the  sleepers,  but  forcing  the  pins  through  their  ends ; 
the  pins  themselves  not  being,  in  the  slightest  degree,  bent  or  injured. 

As  the  platform  was  stated  not  to  have  sunk  at  all,  I  proposed  that  each  of  the  two  baulks  forming 
the  double  sleepers  should  have  a  pin  through  it  in  front  and  rear,  instead  of  one  of  the  baulks  only, 
as  hitherto. 

The  platform  was  accordingly  laid  on  this  principle,  that  is,  with  a  double  set  of  pins.  The  result 
of  this  trial  is  given  in  the  accompanying  Report,  paragraphs  1,  2,  and  3  ;  by  which  it  will  appear 
that  the  platform  was  wholly  unequal  to  so  severe  a  trial  as  a  13-inch  mortar  fired  at  75°  elevation 
in  soft  ground,  and  that  either  greater  strength  must  be  given  to  the  platform,  or  the  foundation 
be  prepared  by  first  laying  fascines,  fagots,  or  hurdles. 
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These  various  trials  led  to  the  suggestion  of  the  mode  of  constructing  a  13-inch  mortar  platform, 
as  described  at  page  29. — See  figs.  2,  3,  and  4,  Plate  V. 

R.  C.  A. 


(copy.) 
Report  on  Colonel  Alderson's  Platforms  for  a  15-inch  and  lO-inch  Mortar. 

1.  These  platforms  were  yesterday  removed  from  the  marshes.  Twenty-five  rounds 
have  been  fired  from  each.  The  following  defects  were  noticed  during  the  process  of 
taking  up. 

2.  In  the  13-inch  platform,  between  the  fourth  and  fifth  floor  piece,  an  interval 
of  I5"  in  breadth  was  observed.  The  surface  of  the  seventeenth  floor  piece  was  very 
much  splintered.  This  was  the  piece  against  which  the  rear  of  mortar  bed  abutted;  and 
the  weight  of  the  mortar  and  bed,  together  with  the  recoil,  which  was  very  great  in  an 
almost  vertical  direction  when  the  elevation  was  increased  to  75°,  having  caused  a 
perceptible  deflection  in  all  the  floor  pieces  upon  which  the  mortar  bed  rested,  the 
abrasion  of  the  surface  of  the  seventeenth  floor  piece  was  thus  caused  by  the  resistance 
it  offered  to  the  horizontal  recoil  of  the  bed  of  the  mortar. 

In  the  fourth  floor  piece  two  dowels  were  broken,  in  the  sixteenth  one  dowel  broken, 
and  in  the  seventeenth  one  dowel  broken.  The  pin-holes  in  the  rear  of  the  sleepers 
were  much  enlarged ;  of  course  owing  to  the  recoil. 

3.  A  great  deal  of  soil  had  found  its  way  between  the  floor  pieces  and  the  sleepers, 
and  it  seemed  that  if  the  platforms  were  to  be  much  more  used,  the  accumulation  of  soil 
would  become  so  great  as  materially  to  lessen  the  hold  of  the  pins. 

4.  The  10-inch  platform  was  in  no  way  injured,  except  in  the  dowels  being  broken. 
The  fractures  were  as  follows : 

1   in  the  2nd  deck  pieces. 


1 

.       3rd 

1 

,       4th 

2 

.       Gth 

1 

,       8th 

1 

,     15th 

2 

,     IGth 

Several  of  the  fox  wedges  were  also  drawn,  although  the  other  end  of  the  dowel 
remained  firm  in  the  floor  pieces. 

(Signed)  C.  S.  Hutchinson, 

Lieutenant,  Royal  Engineers. 
Tcbruan,-  27th,  1845. 
Woolwich. 
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IV. — Notes  on  the  Superior  Slopes  of  Parapets.     By  Captain  Portlock, 
R.E.,  F.R.S.,  Sic. 

On  reading  the  remarks  of  Major-General  Pasley,  in  his  '  Elementary  Fortifi- 
cation,' on  the  modified  forms  of  banquettes,  which  have  been  recommended 
by  various  mihtary  writers,  it  has  struck  me  that  those  writers  do  not  consider 
sufficiently  the  relation  which  ought  to  exist  between  every  one  part  of  a 
parapet  and  every  other :  and  I  am  at  the  same  time  satisfied  that  Vauban, 
that  great  master  of  military  art,  who  has  in  modern  times  found  in  Arago 
so  eloquent  an  eulogist,  had  distinctly  before  him  this  relation,  combined  with  a 
due  regard  to  strength,  in  the  forms  and  proportions  which  he  adopted.  For 
example,  the  height  of  the  parapet,  7'  6',  is  evidently  the  minimum  which  could 
be  adopted  with  safety  ;  and  for  the  thickness,  18  feet,  Vauban  gives  as  a  reason 
that  it  is  the  least  which  can  be  used  in  a  parapet  exposed  to  the  fire  of  heavy 
artillery.  The  depression  of  the  banquette  below  the  crest  of  the  parapet  is  the 
first  element  to  be  determined,  and  it  is  evidently  at  a  maximum  where  it  equals 
the  mean  height  of  a  man's  shoulder,  say  4'  8",  but  as  circumstances  may 
render  it  advisable  to  adopt  a  lesser  depression,  both  the  interior  and  superior 
slopes  of  the  parapet  must  be  correspondingly  modified.  Let  however  4'  6"  be 
adopted  in  the  first  instance,  and  the  question  be  asked,  what  should  be  the 
interior  slope.  Putting  aside  the  consideration  of  stability  which  may  be 
secured  in  fortresses  by  sods,  by  bricks,  or  by  concrete  puddling,  it  is  evident 
that  the  soldier  requires  some  little  space  between  him  and  the  crest  of  the 
parapet  for  freedom  of  action  ;  and  it  will  be  found  that  a  slope  of  1  to  4,  which 
gives  IS^"  in  4'  6",  is  a  proportion  determined  practically  to  be  a  good  one,  and 
that  nearly  the  same  space  will  be  taken  up  by  the  soldier  even  if  the  interior 
slope  be  revetted  vertically  with  bricks.  The  soldier  standing  behind  this 
parapet  will  be  at  1'  3"  from  the  crest;  therefore,  if  the  superior  slope  be 
1  in  12,  according  to  Vauban,  that  slope,  continued  inwards,  will  meet  the 
soldier's  shoulder  at  a  height  of  4'  6"  +  Ij",  or  4'  7|" ;  and  the  musket,  when 
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brought  down  to  the  lire,  will  be  nearly  on  the  same  continuous  plane  with  the 
superior  slope. 

If  now  the  depression  of  the  banquette  be  diminished,  the  superior  slope 
remaining  the  same,  the  soldier's  shoulder  will  be  raised  above  the  prolongation 
of  the  superior  slope,  and  in  suddenly 
bringing  his  musket  to  the  fire,  he  will 
be  in  danger  of  striking  the  parapet, 
and  firing  into  it ;  and  if  the  depression 
be  increased,  his  shoulder  wiU  be  below 
the  prolongation,  and  he  w-ill  be  in 
danger  of  resting  his  musket  on  the 
crest,  and  firing  into  the  air,  as  shown 
by  the  accompanying  diagram. 

These  principles  being  kept  in  view,  it  is  easy  to  test  the  merits  of  the  several 
methods  proposed. 

General  Pasley  ('  Elementar}-  Fortification,'  vol.  ii.  p.  667)  recommends  an 
interior  slope  of  I  to  1 ,  reducing  the  depression  of  the  banquette  to  4  feet. 

As  the  base  is  here  4  feet,  the 
rise  from  the  crest  of  the  parapet 
inwards  is  rather  more  than  4", 
and  the  prolongation  of  the 
superior  slope  meets  the  soldier 
at  an  elevation  of  about  4'  4^", 
or  2^"  below  the  height  of  his  shoulder.  This  small  fischant  depression  may 
perhaps  be  neglected  as  unimportant;  and  as  the  infantry  musket  is  4'  10"  long, 
it  will,  when  brought  to  the  fire,  rest  by  a  few  inches  on  the  crest. 

General  Pasley  then  mentions  a  mode  recommended  by  Lieut. -Col.  W.  Reid, 
an  authority,  when  that  Officer's  talents  and  experience  are  considered,  of  very 
great  weight.  Lieut. -Col.  Raid's  plan  is  to  make  in  certain  cases  the  interior 
slope  into  one  con- 
tinuous and  easy 
slope,  so  as  to  do 
away  with  the  ban- 
quette. The  slope 
to  have  a  base,  as 
compared  to  the  height,  of  3  to 
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By  this  arrangement,  when  the  shoulder  point  of  the  soldier  is  in  the  position 
corresponding  to  the  superior  slope  produced,  he  stands  nearly  lOJ  feet  from 
the  crest  of  the  parapet,  and  his  shoulder  is  elevated  10'  4"  inches  above  it,  that 
is,  upwards  of  9  inches  more  than  it  would  be  with  an  ordinary  banquette,  or 
2^  inches  more  than  with  a  banquette  depressed  only  four  feet ;  and  as  he 
would  necessarily  advance  somewhat  more  forward  to  command  more 
effectually  the  superior  slope,  his  exposure  would  be  in  hke  manner  aug- 
mented :  but  there  is  another  disadvantage  in  this  system,  namely,  that  the 
crest  of  the  parapet  is  too  distant  to  afford  a  rest  to  the  musket,  and  that  the 
accuracy  of  the  soldier's  fire  will  depend,  therefore,  solely  on  his  steadiness. 

General  Pasley  has  pointed  out  the  inconvenience  of  thus  standing  so  far 
from  the  parapet.  If  these  considerations  be  carefully  weighed,  it  will,  I 
believe,  be  admitted  that  the  relative  interior  slope  of  parapet  and  height 
of  banquette  adopted  by  Vauban  were  estabhshed  on  sound  principles,  and  have 
not  hitherto  been  improved. 

Keeping  in  view  the  same  principles,  they  may  be  applied  with  modified 
forms  of  the  slopes  to  other  contingent  circumstances  ;  such  for  example  as  a 
very  high  rehef,  or  a  short  line  of  defence,  when  it  becomes  difficult  to  obtain  a 
command  by  musketry  fire  of  the  ditch,  counterscarp,  or  even  of  the  glacis, — 
defects  which  in  this  fortress  ai'e  strikingly  illustrated  in  the  defences  of  Fort 
Neuf. 

To  lessen  this  evil,  it  is  necessary  to  keep  the  base  of  the  interior  slope 
at  a  minimum,  so  as  to  enable  the  soldier  to  approach  as  close  as  possible  to  it ; 
to  admit  of  a  graduation  in  the  depression  of  the  banquette  below  the  crest  of 
the  parapet,  in  proportion  to  the  slope  at  which  it  is  desired  to  fire,  which  is 
best  done  by  brick  steps  ;  and  finally,  to  make  the  upper  portion  of  the  parapet 
next  the  crest  horizontal,  which  horizontal  space  may  be  called  the  crest  plane, 
the  more  advanced  por- 
tion being  formed  into  a 
slope  so  much  greater 
than  the  usual  superior 
slope  as  the  necessity  of 
the  case  may  require. 
To  illustrate  these  propo- 
sitions, let  the  annexed 
diagram  be  consulted. 
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The  depression  of  the  first  step  of  the  banquette  is  here  considered  3'  4"; 
and  as  the  soldier's  shoulder  would  be  thereby  raised  sufficiently  above  the  crest 
of  the  parapet  to  possess  a  perfect  freedom  of  motion,  the  interior  slope  is  made 
perpendicular,  and  the  soldier  is  supposed  to  stand  about  8  inches  from  it,  the 
whole  breadth  of  the  upper  step  being  12  inches.  With  this  arrangement,  the 
musket  being  4'  10"  long,  the  crest  plane  may  be  made  4  feet  wide,  and  the 
superior  slope  from  its  termination  about  1  in  4,  instead  of  1  in  12,  so  as  to 
obtain  a  fire  so  much  the  more  plunging  as  the  slope  is  greater.  The  actual 
exposure  of  the  soldier  is  evidently  not  greater  from  fire  coming  in  the  direction 
of  the  superior  slope,  than  if  that  slope  were  continued  upwards  through  the 
l)oint  of  intersection  with  the  crest  plane,  and  it  is  only  augmented  as  increased 
command  is  obtained  by  the  assailants'  fire.  The  second  step  is  here  considered 
only  G  inches  below  the  first,  and  the  soldier's  body  may  be  considered  to 
approach  within  3  inches  of  the  vertical  from  that  step,  or  by  a  slight  in- 
clination to  fall  into  line  with  it.  The  musket  will  only  just  reach  the  edge 
of  the  crest  plane,  and  from  its  diminished  elevation  will  fire  in  a  slope  much 
less  plunging  (viz.  1  in  7)  than  in  the  first  case,  but  more  so  than  in  that  of 
the  ordinan,'  slope. 

The  effect  as  regards  the  thickness  of  the  parapet  of  this  arrangement  is  this  : 
that  at  the  crest  it  is  thicker  than  usual,  and  that  the  diminution  of  its  genera^ 
thickness  only  takes  place  at  a  point  where  it  is  5'  6"  thick.  So  great  a 
plunge,  however,  could  only  be  recommended  in  such  flanking  defences  as  are 
tolerably  covered  from  the  enemy's  fire,  and  are  required  from  either  an 
unusually  short  curtain  or  line  of  defence  to  possess  an  unusual  plunging 
command.  The  next  diagram  exhibits  a  simpler  mode  of  construction,  in 
which  a  plunge  of  1  in  7  is  obtained. 


The  interior  slope  is  supposed  to  stand  at  1  to  4.      The  banquette  to  be 
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depressed  4  feet  below  the  crest,  to  be  made  only  1  foot  wide,  and  with  a  slope 
of  1  in  3,  by  which  arrangement  a  man  standing  at  the  top  of  the  slope  would 
fire  in  the  direction  of  the  ordinary  superior  slope,  whilst  the  direction  of  the 
fire  could  be  modified  by  approaching  or  receding  from  the  parapet.  In  this 
example  the  parapet  is  diminished  in  thickness  only  up  to  the  point  where  it  is 
7  feet  thick  from  without,  whilst  within  it  is  thicker  than  before,  as  shown  by 
the  dotted  lines. 

Supposing  now  the  interior  slope  of  the  parapet  to  be  1  to  2,  and  there  can 
be  seldom  any  necessity  for  making  the  proportion  of  the  base  to  the  height 
greater,  the  next  diagi-am  will  exhibit  the  form  modified  according  to  these 
proportions. 


The  breadth  of  the  crest  plane  is  3  feet,  the  superior  slope  from  that  point 
1  in  6,  and  the  external  diminution  of  the  thickness  of  the  parapet  occurs  at  a 
point  where  it  is  6  feet  thick,  all  within  that  point  being  of  course  augmented 
in  thickness. 

In  parapets  of  this  construction,  the  sand-bags  usually  placed  on  the  crest 
should  be  arranged  along  the  external  edge  of  the  crest  plane,  as  the  soldier 
\N-iU  thereby  derive  additional  security,  and  fire  through  the  openings  of  the 
sand-bags  with  ease  and  certainty ;  the  edge  itself  in  all  cases  afibrding  a  rest 
for  his  musket. 

A  very  slight  comparison  will,  I  think,  render  manifest  the  advantage  of  this 
proposed  modification.  In  the  usual  continuous  superior  slope,  the  soldier  has 
no  guide  to  the  direction  of  the  fire  unless  his  musket  is  laid  on  the  slope ;  and 
should  he  stand  rather  higher  than  the  prolongation  of  that  slope,  and  suddenly 
bring  his  musket  to  the  present,  he  will  be  liable  either  to  fire  too  high  or  too 
low  into  the  parapet  itself;  but  in  the  parapet  with  a  crest  plane,  if  properly 
adjusted  to  the  interior  slope  and  height  of  the  crest  above  the  banquette,  the 
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musket  may  be  depressed  until  it  touches  the  exterior  edge  of  the  crest  plane, 
and  be  then  fired  with  certainty,  as  the  superior  slope  from  that  point  has  been 
made  to  plunge  a  Uttle  below  the  actual  line  of  fire,  whilst  a  variation  in  the 
inclination  of  the  line  of  fire  may  be  attained  by  simply  retiring  a  little  from  the 
parapet. 

In  some  of  the  parapets  of  Fort  Neuf,  recently  restored,  the  crest  plane  has 
been  introduced  by  direction  of  Lieut. -Colonel  Thomson,  Commanding  En- 
gineer, and  its  advantages  can  therefore  be  now  practically  studied. 

The  term  '  concrete  puddling '  has  been  adopted  to  signify  a  very  simple 
expedient  for  supplying  the  place  of  sods  in  interior  revetments.  To  about 
twenty  or  twenty-five  parts  of  clayey  gravel  is  added  one  of  quick-lime,  and 
this  is  laid  down  in  balls  or  lumps,  and  beaten  flat  along  the  face  of  the  slope 
with  flat  rammers.  This  sets  and  hardens  like  concrete,  and  there  can  be  little 
doubt  will  be  found  an  effective  substitute  for  sods.  One  large  traverse,  and 
the  interior  slope  of  the  parapet  of  the  face  of  the  right  bastion  of  Scarponi, 
have  been  prepared  in  this  way,  but  of  course  there  has  not  yet  been  sufficient 
time  for  declaring  the  experiment  successful  by  trial  past,  though  appearances 
justify  a  most  favourable  anticipation. 


V. — Description  of  a  Loopholed  Barrack,  intended  as  a  Keep  for  a  Square  Fort. 
By  Captain  Faris,  R.  E. 

The  fortified  barrack  illustrated  in  the  subjoined  Plates  has  recently  been 
erected  at  Pembroke  Dock,  from  plans  submitted  by  Colonel  Harding,  R.  E., 
and  I  believe  that  it  is  the  only  barrack  of  the  kind  in  the  United  Kingdom. 

The  barrack  is  calculated  to  accommodate  400  men,  with  the  due  proportion 
of  officers ;  there  is  also  a  residence  for  barrack-master,  canteen,  two  small 
powder  magazines,  barrack  store-rooms,  &c. 

The  building  being  of  a  square  form,  with  flank  towers  projecting  from 
the  centre  of  each  face,  and  having  a  tier  of  loopholes  from  each  floor  above 
the  ground,  bearing  outwards,  is  calculated  to  make  a  good  defence :  the  angles 
of  the  square  are  cut  off"  for  the  purpose  of  giving  a  direct  fire  on  those  parts 
which  are  not  seen  from  the  rest  of  the  building. 

The  main  entrance  to  the  barrack  square  is  defended  by  the  fire  from  loop- 
holes on  each  side  of  the  gateway,  and  from  others  above  it :  on  this  side  of  the 
barrack,  the  flank  tower  or  caponni^re  is  much  larger  than  the  others,  and 
having  side  galleries  on  the  ground-floor,  and  loopholes  in  that  and  also  in  the 
story  above,  a  good  flank  defence  is  obtained :  there  are  also  openings  at  each 
of.the  angles  of  the  square,  which  are  protected  by  palisade  fences  having 
gateways  in  them. 

It  is  to  be  observed  that  the  buildings  which  in  the  arrangement  of  barrack 
accommodation  are  generally  detached  from  the  main  building,  such  as  cells, 
coal-stores,  privies,  &c.,  are  here  in  casemates:  by  this  method  the  whole  of 
the  ground  on  every  side  of  the  barrack  is  open  to  the  fire  from  two  tiers  of 
loopholes. 

Within  the  barrack  square  a  well  has  been  sunk  which  will  aflbrd  an  ample 
supply  of  water  ;  six  tanks  have  also  been  constructed  to  receive  the  rain-water 
from  the  roof:  these  tanks  will  contain  89,000  gallons  of  water;  two  of  them 
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are  fitted  with  sluice  cocks,  having  pipes  leading  to  the  soldiers'  privies,  for  the 
purpose  of  scouring  the  latter. 

The  walls  of  the  barrack  are  of  limestone  rubble  masonrj^  the  quoins,  plinth, 
and  string  courses  are  tool-dressed,  the  external  walls  are  3  feet  in  thickness, 
the  flank  towers  2  feet,  and  the  inner  walls  2  feet ;  the  partitions  are  of 
brick,  14  inches  in  basement  story  and  9  inches  above ;  and  as  a  security 
against  damp,  so  frequent  in  limestone  buildings,  the  external  and  inner  walls 
are  lined  with  brick,  half-brick  thick,  bonded  to  the  rubble-work  every  fourth 
course,  one  brick  thick  :  the  floors  are  carried  on  cast  iron  girders. 

Plate  VI.  is  a  general  plan  of  the  basement  story  and  casemated  out-buildings, 
showing  also  the  situations  of  the  rain-water  tanks,  well,  and  drains :  the 
arrangement  of  the  latter  is  such  that  the  whole  of  the  surface  water  from 
the  barrack  square,  area,  and  waste  from  the  tanks,  is  conveyed  to  two  large 
cesspools,  and  from  thence  through  the  soldiers'  privies  to  the  main  sewer : 
this  will  materially  assist  to  cleanse  these  privies,  and  as  the  cesspools  in  every 
part  of  the  building  are  trapped,  no  effluvia  can  possibly  escape  from  the  drains. 
There  is  also  a  drain  on  the  outside  of  the  officers'  range,  passing  under 
the  three  water-closets,  and  through  the  women's  privies :  this  drain  receives 
the  water  from  one-half  the  roof  of  the  officers'  building  and  from  the  surface 
in  rear  of  it ;  it  passes  under  the  floor  of  the  wash-house  to  a  cesspool  which 
also  receives  the  drain  from  the  solitary  cells,  and  thence  to  the  main  sewer. 

There  are  four  solitary  cells,  the  arrangement  and  ventilation  of  which  has 
been  adapted,  as  nearly  as  the  situation  will  admit,  to  the  directions  laid  down 
in  the  Report  on  Prison  Discipline. 

Tlie  two  ])Owder  magazines  are  calculated  to  contain  1 04  barrels  each ;  they 
are  arched  over,  and  being  below  the  level  of  the  ground  outside  the  barrack, 
have  been  constructed  with  a  dry  area  wall  on  three  sides :  the  entrance,  which 
is  under  the  staircase  landing  of  the  basement  story,  is  secured  by  double 
doors. 

In  Plates  VII.  and  VIII.  the  appropriation  of  the  several  rooms  on  the  ground 
and  first-floor  is  shown,  the  positions  of  the  rain-water  j)ipes  which  convey  the 
water  from  the  roof  to  the  filterers,  as  also  the  surface  drains  and  channels. 

Plate  IX.  is  a  section  through  the  building  and  interior  elevation  of  the 
officers'  range  ;  the  line  of  section  passes  through  the  magazine,  basement  story, 
tank,  cooking  kitchen,  and  casemate  appropriated  as  barrack-master's  coal- 
store  ;  on  it  are  also  shown  the  heights  of  the  diflcrent  stories. 
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Plate  X.  is  an  elevation  of  the  entrance  range  and  principal  gateway :  on 
it  is  marked  the  height  of  the  external  wall,  and  also  the  positions  of  the  loop- 
holes on  the  ground  and  first-floors  of  that  range. 

The  barrack  was  commenced  in  1842,  and  will  be  completed  in  the  autumn 
of  the  present  year. 

W.  Paris, 
Pembroke  Dock,  Captain,  Royal  Engineers. 

10th  March,  1845. 


VI. — Description  of  the  Machinery  used  in  the  Manufacture  of  Cannon,  at  the 
Royal  Arsenal,  Woolwich. 

In  no  department  of  practical  science  has  there  been  a  more  rapid  advance- 
ment, during  the  past  thirty  years,  than  in  the  construction  of  machinery. 
While  many  causes  have  operated  in  producing  this  result,  there  is  one  agency 
which,  from  its  apparent  simplicity,  we  are  apt  to  overlook,  but  which  has 
been  the  chief  instrument  in  accomplishing  so  remarkable  an  improvement, 
namely,  the  introduction  of  the  sliding-rest  principle. 

Before  the  invention  of  this  admirable  contrivance,  every  separate  piece 
of  work  had  to  be  performed  by  manual  dexterity.  In  the  process  of  turning, 
the  tool  was  held  and  guided  by  the  hand,  which  was  ever  hable  to  err ;  and 
in  the  production  of  any  other  form,  the  tedious  operation  of  the  chisel  and 
file  had  to  be  resorted  to ;  and  while  the  work  done  was  very  imperfect,  it  was 
necessarily  most  expensive. 

By  this  principle  we  are  able  to  produce  the  smallest,  or  the  most  ponderous 
piece  of  work,  with  equal  facility  and  mathematical  precision.  The  tool,  instead 
of  being  held  by  the  workman,  is  held  by  an  iron  hand  not  liable  to  err,  while 
the  attendant,  instead  of  exerting  his  phj'sical  powers  to  the  utmost,  as  he 
previously  had  to  do,  even  in  producing  the  simplest  kinds  of  work,  has  now 
only  to  direct  it  by  his  skill,  and  in  most  cases  even  the  guiding  of  the  tool  is 
not  left  to  his  hand,  but  is  regulated  by  the  machine  itself,  so  that  the  opera- 
tion, as  far  as  the  workman  is  concerned,  is  entirely  mental. 

And  not  only  is  it  in  the  turning  lathe  that  the  advantages  of  this  principle 
are  so  conspicuous,  but  in  all  our  tools  and  machines,  and  nowhere  are  its 
beauties  more  splendidly  developed  than  in  the  planing  machine.  By  this 
machine  we  are  able  to  produce  the  most  perfect  surfaces,  whether  horizontal, 
vertical,  angular,  or  parallel,  and  with  a  facility  and  accuracy  which,  before  its 
introduction,  were  never  dreamt  of;  without  it,  there  are  many  parts  of  the 
machinerv  about  to  be  described  that  could  not  have  been  executed. 
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The  machinery  and  tools  employed  in  the  manufacture  of  cannon,  in  the 
Royal  Arsenal,  have  been  constructed  and  erected  by  Mr.  Napier,  of  London, 
within  the  past  three  years. 

Previous  to  that  time  the  manufacture  was  carried  on  in  the  most  primitive 
manner.  The  boring  mills  or  lathes  which  came  from  Holland  about  eighty 
years  ago  were  in  separate  buildings,  to  each  of  which  was  attached  a  four- 
horse  mill ;  upon  the  end  of  the  shaft  which  brought  the  motion  from  the  mill 
was  a  square  box  or  chuck ;  into  this  box  fitted  a  square,  cast  upon  the  gun 
behind  the  cascable.  The  muzzle  of  the  gun  ran  in  a  circular  collar  plate, 
which  was  kept  firmly  in  its  place  by  means  of  iron  bolts,  connected  to  a 
strong  foundation  of  iron-work  and  masonry.  In  the  process  of  boring,  the 
bit  was  forced  into  the  gun  by  means  of  an  endless  screw,  with  rack  and  pinion, 
which  was  moved  by  a  man  or  boy,  while  the  laborious  operation  of  turning 
was  effected  entirely  by  the  hand  tool :  when  bored  and  turned,  the  gun  was 
put  on  a  carriage,  and  taken  to  another  building  to  be  vented. 

Here  it  was  placed  on  blocks  of  wood  while  the  several  holes  were  drilled, 
which  was  performed  by  two  men  with  a  crank  brace  drill,  the  pressui'e  being 
communicated  from  heavy  iron  weights  placed  above.  The  copper  vent  was 
drilled  in  a  lathe,  one  end  of  the  bolt  on  a  centre,  the  other  in  a  collar  plate : 
the  motion  was  given  by  two  men  on  a  fly-wheel,  while  the  drill  was  held  in 
the  hand  of  another  workman.  In  the  same  lathe  the  vent  was  turned  and  the 
screw  cut  upon  it,  both  operations  being  performed  by  hand.  When  the 
copper  vent  was  screwed  into  the  gun,  the  projecting  part  inside  was  wrenched 
off"  by  the  workmen  with  a  half-round  bit :  the  gun  was  again  put  on  a  carriage, 
and  taken  to  another  building  to  be  trunnioned. 

When  here,  it  was  placed  on  blocks  of  wood,  with  the  trunnions  in  a  vertical 
position ;  one  of  the  trunnions  was  then  set  oflf,  and  about  a  quarter  of  an  inch 
of  it  brought  to  the  proper  size  by  the  chisel  and  file.  Upon  this  was  placed 
a  circular  box,  with  a  cutter  fixed  on  the  under  side  of  it ;  on  the  other  or 
upper  side  was  fixed  a  vertical  spindle,  which  received  pressure  from  heavy 
iron  weights  hung  above  it.  Long  levers  were  now  attached,  and  two  or  three 
men  kept  walking  round  and  round  until  this  part  of  the  trunnion  was  com- 
pleted ;  the  extreme  end  of  the  trunnion  being  finished  by  chisel  and  file. 
The  other  trunnion  was  then  turned  up,  and  the  same  operation  performed 
upon  it ;  after  which  the  gun  was  again  placed  on  a  carriage,  and  taken  to 
another  building  to  be  finished. 
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Such  was  the  tedious,  rude,  and  imperfect  system  in  use  until  about  four 
years  ago,  when  the  necessity  of  a  change  was  rendered  manifest  to  the  then 
Master-General  of  the  Ordnance,  the  late  Lord  Vivian,  who  directed  the 
Inspector  of  Artillery  (Lieut. -Colonel  Dundas)  to  submit  for  his  consideration 
such  plans  as  he  should,  under  the  circumstances,  deem  necessary ;  and  the 
machinery  then  ordered,  with  very  material  and  important  additions  autho- 
rised by  Sir  George  Murray  and  the  present  Board  of  Ordnance,  and  other 
necessary  machines  constructed  in  the  establishment,  are  now  to  be  described. 

The  prime  mover  is  an  expansive  and  condensing  steam  engine  of  12-horse 
power,  which  may  be  worked  at  a  pressure  of  30  lbs.  to  the  square  inch,  if 
required :  it  has  two  cylindrical  boilers,  only  one  of  which  is  used  at  a  time. 
The  power  is  transmitted  from  this  steam  engine  by  a  large  strap  passing  over 
the  drum  (Y),  and  over  a  corresponding  drum  on  the  main  shaft,  which  distributes 
the  power  over  the  factorj^  a  general  plan  of  which  is  given  on  Plate  XI. 

Plate  XII.  gives  front  and  end  elevations  of  a  locomotive  or  travelling  crane. 
The  same  letters  in  both  figures  apply  to  the  same  parts.  The  crane  travels 
on  a  railway  of  cast  iron  (A),  which  extends  the  length  of  the  building  above  the 
centre  of  the  lathes. 

The  rails  are  supported  or  hung  by  bolts  (a)  to  a  strong  wooden  beam  (T). 

The  framing  of  the  crane  consists  of  two  sides  (B)  of  cast  iron,  connected 
together  by  four  cross  stays  of  wrought  iron,  with  nuts  on  the  outside.  The 
gun  or  weight  to  be  lifted  is  slung  in  the  hook  (C).  The  double  chain  (D)  winds 
round  the  crane  barrel  (E) ;  upon  one  end  of  the  barrel  axle  is  keyed  the  large 
wheel  (F),  which  gears  into  a  pinion  of  seven  teeth,  but  w^hich  is  not  seen  in  the 
drawing,  the  pinion  being  keyed  on  the  same  spindle  as  the  wheel  (G),  but  on 
the  other  end  of  it.  The  wheel  (G)  gears  into  the  pinion  (H),  seen  in  fig.  2. 
This  pinion,  together  with  the  chain-wheel  (J),  is  keyed  to  the  spindle  (K), 
which  goes  through  the  barrel  axle,  and  is  retained  in  its  i)lace  by  a  pin  and 
washer  on  the  other  end. 

Over  the  chain-wheel  (J)  passes  an  endless  chain  (L),  hanging  within  4  feet 
of  the  floor,  so  as  to  suit  the  height  of  a  man  :  when  the  gun  or  weiglit  in  the 
sling  requires  to  be  raised  or  lowered,  motion  is  given  to  the  chain-wheel  by 
pulling  the  endless  chain  (L).  The  wheel  (J)  acts  as  a  fly-wheel,  and  when  once 
brought  to  a  good  speed  it,  will  continue  running  for  some  time :  in  the  act  of 
lowering,  when  motion  is  once  given  to  it,  and  if  there  is  a  heavy  weight  in  the 
sling,  it  will  descend  of  course  by  its  own  gravity,  but  with  a  very  gradual  and 
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easy  motion,  being  retarded  by  the  accelerated  speed  of  the  fly-wheel.  A  man 
can  with  ease  lift  30  cwt.  9  inches  in  a  minute ;  but,  as  by  the  unalterable  law 
in  mechanics  we  cannot  have  power  and  speed  both,  this  powerful  crane  is 
necessarily  a  slow  one  ;  though,  for  the  particular  purpose  for  which  it  is  used, 
that  is  its  chief  recommendation,  for  in  putting  the  guns  into  the  lathes  or 
machines,  the  utmost  caution  is  required  to  prevent  them  striking  with  violence 
any  of  the  parts,  and  so  damaging  them ;  and  for  this  purpose  this  crane  is 
peculiarly  adapted. 

The  brake  (M)  goes  over  the  outside  of  the  chain-wheel  (J)  ;  it  is  made  of 
strong  hoop  iron.  To  prevent  it  from  rubbing  on  the  periphery  of  the  wheel, 
the  rod  (»n)  which  is  connected  to  the  spindle  (n)  is  kept  up  by  the  lever  (d) 
with  the  weight  (e)  on  the  end  of  it ;  this  lever  is  keyed  to  the  spindle  (n) .  To 
the  other  end  of  the  lever  is  attached  a  cord  (c),  by  pulling  which  the  brake  is 
made  to  bear  hard  on  the  wheel,  and  instantly  to  stop  its  motion. 

The  small  chain-wheel  (O)  runs  loosely  on  the  spindle  (n) ;  on  the  boss  of 
this  wheel  is  keyed  a  spur-wheel  (p)  which  gears  into  the  pinion  (r) ;  the  pinions 
(r)  and  (s)  are  both  keyed  on  the  same  spindle  {t).  The  pinion  (s)  gears  into 
the  rack  {v),  which  extends  the  whole  length  of  the  railway.  Over  the  chain- 
wheel  (O)  passes  the  small  endless  chain  (N),  which  is  prevented  from  slipping 
by  small  pins  inserted  in  the  wheel ;  and  by  pulling  the  chain  (N),  locomotion  is 
given  to  the  crane  as  may  be  required :  the  crane  runs  on  four  wheels  or  rollers 
(P) ,  on  the  flanges  of  the  railway. 

To  render  the  description  of  the  machinery  more  distinct,  let  us  take  a  gun 
in  its  rough  state,  as  it  comes  from  the  foundery,  following  it  through  its  various 
operations,  and  describing  the  machines  as  they  are  required  to  perform  their 
several  parts. 

Guns  are  cast  solid,  in  a  vertical  position,  with  the  breech  downwards ;  upon 
the  muzzle  or  upper  end  the  mould  is  prolonged  from  3  to  4  feet,  for  the  pur- 
pose of  increasing  the  density  in  the  lower  part  of  the  metal,  feeding  the 
shrinkage,  and  allowing  the  suUage  or  any  spurious  substance  to  rise  to  the 
surface. 

This  elongation  is  technically  called  the  dead  head. 

Wlien  a  cast  of  guns  (generally  eight  or  ten)  comes  from  the  foundery,  the 
first  operation  is  to  cut  off"  the  dead  heads.  This  is  done  in  one  of  the  boring 
and  turning  lathes.  On  the  breech  of  the  gun,  beyond  the  button  of  the 
cascable,  is  cast  a  round  stud  about  3  inches  in  diameter,  and  4  or  5  inches 
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long.     This  stud  is  for  holding  the  centre  upon  which  the  gun  revolves,  and 
upon  which  is  fixed  the  carrier  whereby  the  gun  receives  its  motion. 

The  gun  is  lifted  by  the  crane  into  the  lathe.  The  stud  (a,  fig.  1 ,  Plate  XIII.) 
is  inserted  into  the  box  chuck  (i).  This  chuck  is  fastened  between  the  four 
jaws  of  the  face  plate  (A),  which  is  screwed  on  the  end  of  the  lathe  mandril ;  the 
jaws  (c)  are  moved  by  separate  screws,  so  that  the  box  chuck  can  be  shifted  on 
the  face  plate  until  the  body  of  the  gun  is  brought  to  truth.  To  keep  the  gun 
in  its  place,  and  to  give  motion  to  it,  a  pair  of  clutches  (d)  are  fastened  on  the 
neck  of  the  cascable,  and  through  which  the  bolts  (e)  connect  the  gun  to  the 
face  plate. 

Fig.  2  is  a  front  elevation  of  the  head  or  frame,  on  which  rests  the  muzzle, 
both  in  this  and  in  the  subsequent  operation  of  boring.  A  is  a  section  of  the 
lathe  bed,  of  cast  iron ;  B  the  collar  head  or  frame,  made  of  gun-metal ;  C  the 
.slide-rest  frame;  «,  a  are  two  steel  plates  fastened  on  the  slide  (D),  which  is 
the  collar  in  which  the  muzzle  runs,  and  is  in  the  form  of  the  letter  V.  This 
slide  is  made  to  rise  or  fall  by  two  screws  working  simultaneously,  so  as  to 
bring  guns  of  difl'ercnt  diameters  into  a  horizontal  position  ;  the  screws  are  at 
the  back  of  the  frame,  and  the  handle  to  move  them  underneath. 

Previous  to  the  gun  being  put  in  the  lathe,  this  head  or  frame  is  shifted  2  or 
3  feet  out  of  the  way  by  means  of  a  rack  and  pinion  (i),  and  when  the  gun  is 
apparently  about  its  situation,  made  to  slide  back  to  its  place  ;  the  muzzle  is 
laid  in  tl)e  collar  witli  the  dead  head  projecting  over.  The  tool  (c)  is  fastened 
in  the  slide-rest  by  the  pinching  screws  (d)  ;  the  pressure  to  cut  is  given  by 
turning  the  wheel  or  handle  (e).  The  tool  is  about  ^  inch  in  width  at  the 
cutting  ])art,  and  rather  thiimer  behind,  to  enable  it  to  clear  itself. 

The  tool  is  shown  conuncncing  tlie  cut ;  the  workman  continues  to  turn  the 
handle,  and  to  force  the  tool  towards  the  centre,  until  tlic  head  drops  oft",  which 
it  generally  does  when  within  f  of  an  inch  of  the  centre. 

To  prevent  the  block  of  metal  damaging  the  lathe  by  its  fall,  a  log  of  wood 
is  laid  across  the  bed  of  the  lathe,  about  1  inch  under  the  head,  upon  which  it 
falls.  The  operation  of  cutting  of!"  the  head  generally  requires  about  twenty 
minutes. 

The  gun  is  now  ready  for  the  centering  machine,  the  object  of  which  is  to 
find  the  exact  centre  of  the  mass  of  metal,  and  there  to  drill  a  conical  hole  at 
both  ends  of  the  gun,  which  are  the  centres  upon  which  the  gun  is  turned. 
Fig.  3  is  a  plan  of  this  machine :  A  is  a  cast  iron  bed,  resting  on  the  three  legs 
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or  Standards  (B)  ;  tlic  top  oCtlio  hvd  is  a  A  and  flat,  correctly  planed,  and  Conns 
a  true  surface  for  the  different  parts  to  sit  or  slide  upon  ;  C  C  are  two  saddles 
or  frames,  resting  on  the  bed,  and  fastened  to  it  by  the  bolts  (A)  ;  each  of  the 
frames  has  three  slides,  which,  by  turning  the  handle  (i),  slide  to  or  from  the 
centre,  and  are  equally  distant  from  it  in  every  position.  Fig.  4  is  a  side  eleva- 
tion ;  C  is  the  saddle  or  frame  in  which  arc  the  two  horizontal  slides  (/c)  ;  to 
the  saddle  (C)  is  bolted  the  frame  (D),  which  carries  the  vertical  slide  (7)  :  /  is  a 
shaft  or  spindle,  working  in  gun-metal  bearings  ;  ujjon  this  shaft  are  cut  two 
screws,  the  one  with  a  right-hand  thread  (/«),  the  other  with  a  left-hand  thread 
(fi)  :  00  are  two  brass  nuts,  working  on  the  screws,  and  fitted  into  the  hori- 
zontal slides.  Now,  by  turning  the  handle  (i),  the  two  slides  must  move  in 
opposite  directions,  the  right-hand  thread  moving  the  one  way,  while  the  left- 
hand  thread  moves  it  the  other.  In  the  frame  (D),  which  contains  the  vertical 
slide,  there  is  a  screw  (p)  with  a  right-hand  thread,  and  of  the  same  |)itch  as 
the  two  others.  On  the  top  of  the  screw  is  keyed  a  bevel  pinion,  gearing  into 
another  pinion  with  an  equal  number  of  teeth,  keyed  on  the  spindle  (l)  ;  r  is 
the  nut  on  the  screw,  and  fitted  into  the  slide  (7).  liy  turning  the  handle  (i)  a 
motion  is  given  to  the  screw  (p). 

As  the  pinions  contain  the  same  number  of  teeth,  every  turn  of  the  hori- 
zontal screw  gives  a  corresponding  turn  to  the  vertical ;  and  as  the  three  screws 
have  the  same  pitch,  namely,  four  threads  to  the  inch,  the  turning  of  the  handle 
makes  them  all  approach  to  or  withdraw  from  the  centre  simultaneously. 

E,  E,  fig.  3,  are  two  hand-drilling  machines,  resting  on  the  bed  (A),  and 
fastened  to  it  by  the  bolts  {h)  ;  s  is  the  spindle  in  which  is  fitted  the  drill  (<)  : 
by  the  fly-wheel  and  handle  (F),  motion  is  given  to  the  s[)indle.  'J'he  boss  of 
the  fly-wheel  is  let  2^  inches  into  the  cylinder  (m),  and  kept  in  its  jdace  by  a 
steel  pin.     The  hand-wheel  (v)  is  for  feeding  the  cut. 

Fig.  .5  is  a  section  of  this  part  of  the  machine ;  a  screw  is  cut  in  the  boss  of 
the  wheel  (v),  into  which  is  fitted  a  corresponding  screw,  that  slips  loo.se  upon 
the  spindle ;  along  the  outside  of  this  screw  a  groove  is  cut,  into  which  is 
inserted  a  key  that  is  fast  in  the  cylinder  (m)  :  this  key  is  to  prevent  the  screw 
from  turning  while  the  wheel  (v)  is  turned.  The  back  part  of  the  spindle  is 
smaller  than  the  drilling  end,  which  gives  a  shoulder  to  the  screw  to  press 
upon,  while  a  pin  through  the  spindle  at  the  other  end  of  the  screw  serves  to 
bring  it  back  again.  A  key  let  into  the  end  of  the  spindle  slides  in  a  groove  in 
the  boss  of  the  fly-wheel,  and  thereby  receives  its  motion. 
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To  centre  a  gun  with  this  machine,  it  is  only  necessary  to  place  it  between 
the  slides  (k),  and  turn  the  handles  (/)  until  the  horizontal  slides  grip  the  gun, 
which  brings  the  centre  of  the  mass  exactly  opposite  the  centre  of  the  drill. 

The  drilling  heads  are  now  brought  forward,  the  fastening  bolts  are  tightened, 
the  workman  with  his  right  hand  turns  the  fly-wheel  (F),  and  with  his  other 
hand  gently  moves  the  hand-wheel  (r)  which  feeds  the  cut.  The  whole  opera- 
tion, including  putting  the  gun  into  the  machine  and  taking  it  out  again,  may 
be  accomplished  in  less  than  a  quarter  of  an  hour.  (This  machine  was  made  in 
the  establishment.) 

The  gun  is  now  ready  for  the  boring  and  turning  lathe  ;  a  carrier  is  securely 
keyed  upon  the  stud,  and  with  the  crane  it  is  lifted  into  the  lathe  and  placed 
between  the  centres. 

In  describing  the  various  operations,  we  are  obliged  to  use  many  technical 
terms ;  not  that  it  is  absolutely  necessary,  but  it  is  as  well  that  those  who 
interest  themselves  in  any  subject  should  understand  the  terms  by  which  that 
subject  would  be  explained  to  them  by  those  immediately  concerned  in  it. 

The  centres  of  a  lathe  are  those  two  points  upon  which  the  article  revolves, 
or  more  generally,  as  in  the  present  case,  the  one  centre  revolving  with  the 
work,  while  the  other  is  stationary. 

Plate  XIV.  gives  a  plan  of  the  boring  and  turning  lathes.  A  is  a  strong 
and  massive  bed  of  cast  iron,  resting  on  the  floor  of  the  building ;  the  bed  is 
cast  in  two  pieces,  and  firmly  joined  in  the  middle.  The  top  surfaces  of  the 
bed  form  a  A  and  flat,  and  are  accurately  planed,  so  that  the  different  parts  of 
the  machine  which  rest  upon  the  bed  have  the  same  relative  position  to  one 
another  in  any  situation  and  without  any  adjustment.  B  is  the  spindle  or 
mandril  of  the  lathe  ;  it  runs  in  gun-metal  bearings  or  jjillow  blocks  of  beautiful 
construction.  The  principal  bearing  (a)  rests  on  C,  an  elegant  yet  substantial 
pedestal  of  the  same  metal.  D  is  the  turning  saddle,  on  which  is  placed  the 
turning  and  planing  shde-rest  (E)  ;  F  is  the  collar  frame,  in  which  runs  the 
muzzle  of  the  gun  ;  G  is  the  boring  apparatus  ;  h,  b,  upon  the  shaft  or  axle  (c), 
are  the  fast  and  loose  pulleys,  round  which  passes  the  strap  that  brings  the 
motion  from  the  main  shaft.  The  fast  pulley  is  keyed  to  the  axle,  while  the 
other  runs  loosely  upon  it,  and  carries  the  strap  when  the  lathe  is  in  a  state 
of  rest. 

Of  all  the  methods  which  have  been  invented  for  disengaging  and  re-engaging 
machinery,  there  has  been  none  to  equal  the  simple,  yet  beautiful,  contrivance 
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of  the  fast  and  loose  pulley.  Unlike  all  the  methods  in  use  previous  to  its 
introduction,  it  is  entirely  free  from  shock  ;  and  in  all  machinery  where  the 
state  of  motion  is  not  uniform,  it  is  now  universally  used.  The  motion  is  con- 
veyed to  the  lathe  mandril  through  the  bevel  and  spur-wheels.  The  pulley  (d) 
on  the  mandril  is  for  conveying  motion  by  a  strap  to  the  pulley  (e) ,  which  is 
keyed  on  the  end  of  a  shaft  (H) ,  extending  to  the  other  end  of  the  lathe,  for 
the  moving  of  the  boring  apparatus.  On  the  end  of  the  shaft  (H),  and  beyond 
the  pulley  (e) ,  a  small  bevel  pinion  is  keyed,  which  gears  into  a  bevel-wheel  on 
the  cross  shaft  (/) ;  this  shaft  carries  the  motion  to  the  turning.  On  the  shaft 
ig)  are  two  bevel-wheels,  gearing  into  the  small  pinion  on  the  end  of  the  cross 
shaft  (/).  The  object  of  having  the  two  wheels  is  to  change  the  direction  of 
the  motion  :  when  the  sUde-rest  is  required  to  move  towards  the  right  hand,  the 
one  wheel  is  slipped  into  gear,  and  when  the  opposite  way,  the  other.  When 
the  shaft  is  not  required  in  motion  at  all,  neither  of  the  wheels  are  in  gear.  A 
longitudinal  groove  is  cut  along  the  shaft  (g) ,  upon  which  slides  a  pinion  with  a 
corresponding  key  in  it ;  this  pinion  is  connected  by  a  strap  to  the  saddle  (D), 
so  that  wherever  the  saddle  may  be  placed,  the  slide-rest  will  receive  a  motion. 
The  motion  for  turning  is  conveyed  through  the  wheels  (A)  to  the  screw  {i),  which 
moves  the  sUde-rest  (E) .  The  bed  (I) ,  upon  which  the  rest  slides,  is  a  separate 
casting  from  the  saddle,  and  may  be  set  at  any  angle,  either  for  turning  or 
planing.  This  bed  is  planed  in  the  form  of  a  dovetail,  upon  which  the  slide- 
rest  is  fitted,  provision  being  made  for  tightening  the  rest  as  it  gradually 
wears.  The  handle  (j)  is  for  moving  the  slide-rest  to  the  right  or  left ;  the 
other  handle  {k)  is  for  the  transverse  slide,  that  is,  for  advancing  the  tool  to  take 
a  deeper  cut. 

That  part  of  the  gun  which  lies  between  the  trunnions  of  course  cannot  be 
turned  in  the  ordinary  way.  In  turning,  the  gun  revolves  about  twenty-five 
times  per  minute,  or  thereabout, — that  depending  on  the  size  of  it, — while  the 
slide-rest  travels  very  slowly ;  but  in  the  process  of  planing  or  cutting  the 
parts  between  the  trunnions,  the  slide-rest  is  made  to  slide  longitudinally  the 
length  of  the  part  to  be  planed,  at  about  forty  strokes  per  minute,  while  a 
motion,  slowly  advancing  towards  the  tool,  is  given  to  the  gun.  K  is  a  lever, 
keyed  on  a  rocking  shaft  (L),  which  goes  through  and  works  in  the  bed  of  the 
lathe.  On  the  top  of  the  lever  at  /,  there  is  a  vertical  slot,  in  which  slides  a 
stud  or  pin,  fastened  in  an  arm  of  the  wheel  {m) ,  so  that  the  rotation  of  this 
wheel  makes  the  lever  oscillate  backwards  and  forwards  a  space  in  proportion 
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to  the  radius  of  the  stud  in  the  wheel.  There  is  a  slot  in  the  arm,  so  that  the 
stud  may  be  shitted,  to  enable  the  workman  to  make  the  shde-rest  travel  the 
distance  he  requires. 

When  the  lathe  is  planing,  the  wheel  (n)  is  put  into  gear  with  (m),  and  the 
large  bevel-wheels  are  disengaged.  The  slide-rest  is  disconnected  from  the 
screw  (0 ;  a  connection  is  formed  between  the  rocking  lever  and  the  shde-rest  at 
0  0,  by  means  of  a  double  connecting  rod,  which  can  be  drawn  out  and  adjusted 
at  any  length.  To  produce  the  slow  motion  in  the  gun  while  being  planed,  p 
is  a  vertical  lever,  keyed  on  the  end  of  the  rocking  shaft  (L) ;  g  is  a  worm  shaft, 
that  goes  through  the  bed  and  under  the  worm-wheel  (M),  which  is  keyed  on  the 
lathe  mandril ;  upon  the  worm  shaft,  there  is  a  short  screw,  or  worm,  which 
gears  into  the  worm-wheel  while  planing,  and  is  disengaged  when  boring  or 
turning.  On  the  top  of  the  lever  {p)  there  is  a  pallet  (r),  which  falls  into  the 
ratchet-wheel  on  the  end  of  the  worm  shaft.  As  the  lever  (p)  is  keyed  on  the 
end  of  the  rocking  shaft,  it  of  course  vibrates  with  it,  and  therefore  gives  a 
motion  to  the  ratchet-wheel,  the  pallet  slipping  over  the  teeth  the  one  way, 
and  carrying  the  wheel  with  it  the  other.  The  stud  which  carries  the  pallet 
is  fastened  in  a  slot  in  the  lever,  so  that  it  can  be  set  to  take  any  number  of 
teeth,  and,  of  course,  giving  a  greater  or  less  motion  to  the  gun.  The  handle 
on  the  end  of  the  worm  shaft  is  for  bringing  back  the  gun  by  hand,  to  take  a 
fresh  cut. 

There  are  several  projecting  parts  on  a  gun  besides  the  trunnions,  viz.,  the 
vent-field,  and  lump  for  the  tangent  sight,  a  dispart  lump,  and,  in  some  cases, 
a  loop  at  the  cascable. 

In  the  turning  of  those  parts,  the  tool  has  to  be  removed  very  quickly  out  of 
the  way,  until  the  projecting  part  is  past,  and  then  as  quickly  brought  back 
again,  so  that  no  space  may  be  lost  on  either  side  of  it.  A  provision  has  there- 
fore been  made  in  the  slide-rest  for  this  operation,  but  which,  as  yet,  has  not 
been  used  with  great  advantage.  In  the  slide-rest,  besides  the  transverse  slide 
worked  by  the  handle  (t),  there  is  a  double  transverse  slide,  not  used  in  ordinary 
turning,  but  only  for  the  jumping  motion.  This  slide  is  not  worked  by  a  screw, 
but  by  a  combination  of  levers  in  the  interior  of  the  slide-rest.  The  principle 
of  action  is  similar  to  the  elbow  joint  in  the  human  arm.  When  the  levers  are  in 
a  straight  line,  and  therefore  in  their  strongest  position,  the  tool  is  thrown  in, 
and  cutting,  while  the  bending  of  the  levers  draws  it  out  again.  On  the  left- 
hand  side  of  the  slide-rest,  at  s  there  is  a  flange,  with  two  studs  fastened  in  it : 


MANUFACTURE    OF    CANNON.  51 

this  flange  is  keyed  on  an  axle,  in  connection  with  the  levers  above  referred  to. 
N  is  a  hollow  shaft,  with  a  crank  (O)  on  the  end  of  it.  The  flange  (s'),  with  the 
two  studs  fastened  in  it,  is  part  of  another  shaft  or  rod,  with  a  longitudinal 
groove  cut  in  it ;  it  fits  in  the  hollow  or  crank  shaft,  and  slides  easily  out  or 
in,  but  is  prevented  from  turning  in  it  by  a  key  fastened  in  the  crank  shaft,  and 
fitting  into  a  groove  in  the  other. 

Upon  the  extremity  of  the  crank  there  is  a  friction  roller  on  a  stud.  On  the 
side  of  the  wheel  (P),  and  near  to  the  teeth,  two  dovetail  grooves  are  turned  in  it, 
for  the  reception  of  bolts.  These  bolts  are  for  fixing  cams  on  the  side  of  the 
wheel,  at  any  part  of  the  circle. 

In  using  this  part  of  the  apparatus,  a  connection  is  formed  between  the  flange 
(«')  on  the  shaft,  and  the  other  flange  {s)  on  the  slide-rest :  two  cams  are  fastened 
on  the  side  of  the  wheel  (P),  opposite  the  part  of  the  gun  to  be  leaped  over  ;  the 
one  cam  strikes  the  friction  roller  on  the  crank,  and  throws  the  slide-rest  back  ; 
the  other  cam  instantly  strikes  it  on  the  other  side,  and  throws  it  forward,  where 
it  remains  cutting,  until  the  throwing-out  cam  returns.  It  will  be  perceived, 
that  the  jumping  motion  may  be  in  action  at  the  same  time  with  the  self-acting 
turning  motion,  which  is  the  case  for  parallel  or  taper  turning ;  and  if  a  curve 
has  to  be  formed,  the  other  transverse  slide  is  brought  into  play  by  the  work- 
man with  the  handle  (/c) ;  all  the  three  operations  working  in  beautiful  harmony, 
and  the  boring  going  on  at  the  same  time. 

We  come  now  to  the  boring  apparatus.  Q  is  a  strong  frame  of  cast  iron, 
resting  on  the  A  and  flat  of  the  lathe  bed,  to  which  it  is  firmly  bolted  by  the 
bolts  (r).     G  is  the  boring  bed,  or  bench,  on  which  slides  the  boring  bar. 

The  boring  bed  is  strongly  built  of  mahogany,  and  firmly  bound  with  iron 
bolts  and  plates.  The  parts  where  the  bar  slides,  the  ends  under  the  advancing 
screws,  and  those  places  where  there  are  fastenings,  are  strongly  faced  with  gun- 
metal.  The  object  of  having  the  bed  of  wood  is  to  avoid  tremor.  The  boring 
bar  (R)  is  the  instrument  on  which  the  bit  for  boring  is  fastened.  In  forcing  the 
bit  into  the  gun,  there  is  a  great  tendency  to  twist  the  bit  and  bar  round  with 
it :  to  prevent  this,  there  are  three  strong  cross  heads  (S),  with  a  boss  at  each 
end,  and  a  large  boss  in  the  centre  for  the  pressing  screw,  on  one  of  the  end 
bosses ;  the  cross  head  swivels  on  a  stud,  securely  fastened  in  the  bed.  The 
object  of  having  it  to  swivel  is,  that  when  the  workman  is  taking  out  or  putting 
in  a  bit,  the  whole  thing  may  be  turned  round  out  of  the  way.  The  boss  at  the 
other  end,  that  is,  the  end  which  comes  to  the  front  of  the  lathe,  has  an 
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opening  on  one  side,  so  that  when  the  cross  head  is  brought  to  its  place,  the 
boss  clasps  a  stud,  similar  to  the  one  on  which  it  swivels.  The  pressing  screws 
in  the  centre,  which  are  wrought  by  the  handles  (s),  do  not  press  directly  on 
the  bar,  but  on  an  inter%-ening  plate,  connected  to  the  cross  head. 

As  the  boring  bars  differ  in  size,  and  as  the  boring  bit  always  requires  to  be 
in  a  certain  position  in  reference  to  the  centre,  it  is  therefore  necessary  that  the 
boring  bed  rise  or  fall  as  the  work  may  require.  It  is  also  necessary  that  the 
bed  be  quite  level  in  every  position.  To  effect  this,  there  is  a  very  beautiful 
contrivance,  which  is  not  seen  in  the  drawing,  but  wliich  I  shall  endeavour  to 
describe. 

The  bed  rests  upon  four  large  screws,  at  the  points  (t)  in  the  frame  (Q).  Upon 
each  of  the  screws  there  is  a  worm-wheel :  their  relative  positions  are  shown  by 
the  dotted  circles  on  the  bed ;  by  turning  the  worm-wheels,  the  screws  rise  or 
fall.  Along  the  centre  of  the  frame  (Q),  and  between  the  worm-wheels,  a 
horizontal  shaft  is  placed ;  there  is  a  worm  or  screw  on  each  end  of  the  shaft, 
and  each  worm  gearing  into  two  of  the  wheels.  Now  by  turning  this  worm 
shaft,  a  motion  is  given  to  the  four  screws ;  and  as  the  screws  are  of  the  same 
pitch,  and  the  wheels  have  the  same  number  of  teeth,  the  whole  must  work 
simultaneously,  and  the  bed  is  on  the  same  level  in  every  position.  The  small 
shaft  on  the  frame  (Q),  with  the  handle  at  T,  has  a  bevel  pinion  keyed  on  its 
farther  end,  which  gears  into  a  bevel-wheel,  keyed  on  the  worm  shaft  above 
referred  to  ;  so  that  the  turning  of  the  handle  (T)  raises  or  lowers  the  boring  bed  : 
u  are  the  heads  of  large  bolts,  which  fasten  the  bed  to  the  frame  (Q),  when  the 
workman  has  brought  it  to  its  proper  j)osition.  U  are  the  screws  for  advancing 
the  boring  bar :  they  have  pinions  keyed  on  their  farther  end,  and  get  their 
motion  from  a  pinion  on  the  boss  of  the  wheel  (V) ,  but  not  seen  in  the  drawing. 
The  wheel  (V)  may  be  wrought  self-acting,  or  by  hand ;  the  handle  {v)  is  for 
throwing  the  wheel  out  or  into  gear  with  the  lathe. 

As  was  obser\'ed  before,  motion  is  conveyed  to  the  boring  througli  the 
shaft  (H),  along  which  a  groove  is  cut;  a  pinion,  with  a  key  corresponding 
to  the  groove,  slides  on  the  shaft.  This  pinion  is  connected  to  the  frame 
(Q),  so  that  wherever  the  frame  is  placed,  it  carries  the  pinion  along  with  it. 
This  pinion  is  connected  with  a  bevel-wheel  keyed  on  the  bottom  of  a 
small  upright  shaft,  with  a  longitudinal  groove  cut  in  it.  The  lower  end  of  the 
shaft  is  connected  to  the  frame  (Q),  while  its  upper  slides  in  a  socket  in  the 
\mder  side  of  the  boring  bed  :   a  pinion  on  the  top  of  the  upright  shaft  is 
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connected  to  the  bed,  so  that  the  raising  or  lowering  of  the  bed  interferes  not 
with  the  motion. 

This  upper  pinion  gears  into  a  bevel-wheel  on  a  short  horizontal  shaft  under 
the  boring  bed;  on  the  other  end  of  this  shaft  there  is  a  small  spur  pinion, 
which,  by  an  intermediate  wheel,  gives  motion  to  the  wheel  (V),  seen  in  the 
drawing. 

The  handle  {v)  for  throwing  the  self-acting  boring  motion  out  or  into  gear  is 
the  end  of  a  lever,  having  for  its  centre  of  motion  the  boss  of  the  spur  pinion 
on  the  end  of  the  short  horizontal  shaft :  upon  this  lever  the  stud  is  fastened 
on  which  runs  the  intermediate  wheel,  so  that,  as  the  lever  works  on  the  boss 
of  the  pinion,  the  intermediate  wheel  must  always  be  in  gear  with  it ;  but  the 
raising  or  lowering  of  the  lever  or  handle  (t)  connects  or  disconnects  it  with 
the  wheel  (V). 

The  method  of  shifting  the  turning  saddle,  the  collar  frame,  and  the  boring 
apparatus,  on  the  lathe  bed,  is  by  a  rack  and  pinion ;  w,  w,  w  are  squares  on 
the  end  of  shafts,  which  go  through  to  the  other  side,  where  they  have  pinions 
keyed.  These  pinions  gear  into  the  rack  (W),  which  is  bolted  to  the  lathe  bed. 
On  the  squares  at  w  a  handle  in  the  form  of  a  cross  is  placed,  so  that  with  com- 
parative ease  the  workman  may  shift  them  as  he  requires. 

Fig.  2  is  the  plan  of  a  centre  bar,  which  is  used  when  the  gun  is  first  put  into 
the  lathe.  The  part  («)  is  fastened  in  the  boring  bed  ;  the  collar  (6)  rests  in 
the  V  of  the  collar  frame,  and  is  kept  down  by  the  slide  (x) ;  c  is  a  steel  centre, 
on  which  the  muzzle  of  the  gun  turns. 

Such  is  but  an  imperfect  description  of  this  splendid  tool,  and,  although  its 
merits  need  no  commendation,  it  is  right  to  state,  that  the  workmanship  is  of 
the  very  best  description,  that  an  exuberance  of  mechanical  skill  is  displayed 
in  all  its  details,  and  that  it  adds  another  laurel  to  its  ingenious  contriver,  Mr. 
D.  Napier. 

When  the  gun  is  first  put  into  the  lathe,  the  centre  bar  is  fastened  on  the 
boring  bed,  and  the  centre  pressed  gently  into  the  corresponding  centre  of  the 
gun.  The  base  ring  is  first  turned,  because  from  it  the  workman  takes  all  his 
measurements  ;  he  then  turns  and  almost  finishes  the  muzzle.  The  centre  bar 
is  taken  down,  and  the  muzzle  of  the  gun  is  laid  in  the  V  of  the  collar  frame,  as 
seen  in  the  drawing.  A  drill  is  sent  a  few  inches  into  the  gun  ;  the  drill  is 
removed,  and  a  small  slide-rest  fastened  on  the  end  of  the  boring  bed,  with 
which  the  hole  made  bv  the  drill  is  brought  to  the  size  of  the  first  bit.     The 
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slide-rest  is  removed,  and  the  bit  for  boring  entered  in  the  hole  made  for  it ;  the 
bar  is  pressed  down,  but  not  so  tight  as  to  prevent  its  sliding.  The  self-acting 
boring  motion  is  thrown  into  gear,  the  lathe  is  started,  and  the  workman  attends 
to  the  turning. 

Bit  after  bit  is  used  in  the  same  way,  until  the  bore  is  brought  to  the 
j)roper  dimensions,  while  the  workmen  generally  contrive  to  finish  the  turning 
about  the  same  time.  When  both  of  these  operations  are  finished,  the 
planing  apparatus  is  put  in  motion,  and  the  part  is  finished  that  lies  betw-een 
the  trunnions.  The  gun  is  taken  out  of  the  lathe,  and  put  in  the  trunnion 
machine. 

Plate  XV.  is  a  plan  of  the  trunnion  machine.  A  is  a  strong  and  massive  bed 
of  cast  iron,  resting  on  the  floor  of  the  building ;  it  is  planed  flat  on  its  top 
surface.  B  is  another  bed  of  cast  iron,  somewhat  similar  to  a  lathe  bed  ;  it  is 
])laned  both  on  its  top  and  bottom  surfaces,  and  firmly  bolted  to  the  bed  (A). 
The  top  surfaces  of  the  bed  are  in  the  form  of  two  inverted  V's,  on  which  are 
fitted  the  saddles  (CC).  The  screws  (a)  with  the  handles  {b)  are  for  adjusting 
the  saddles  with  the  gun,  to  bring  it  into  its  proper  position  ;  c  are  handles  for 
adjusting  the  vertical  slides  (d);  e  is  a  cone  centre  that  fits  into  the  centre  of  the 
stud  in  the  gun  upon  which  it  was  turned ;  /  is  a  cone  that  fits  into  muzzles 
of  various  sizes :  as  the  trunnions  of  most  guns  are  under  the  centre,  there 
is  an  index  on  the  face  of  the  vertical  slides,  (but  which  is  not  seen  in  the  draw- 
ing,) whereby  the  workman  can  set  the  gun  with  the  utmost  accuracy  :  when 
the  slides  are  at  the  bottom,  or  as  far  down  as  they  will  go,  the  axis  of  the  gun 
is  on  the  same  horizontal  line  with  the  axis  of  the  turning  spindles  (G),  so  that 
if  the  centre  of  the  trunnion  is  roths  of  an  inch  under  the  axis  of  the  bore,  the 
workman,  by  the  handles  (c),  lifts  the  slides,  and  of  course  the  gun,  the  required 
distance  :  g  are  the  bolts  for  fastening  the  saddles  on  the  bed,  when  the  gun  is 
brought  to  its  proper  position.  D  D  are  the  turning  frames,  bolted  to  the 
large  bed  (A)  ;  they  are  set  at  right  angles  to  the  bed  (B),  and  the  spindles  of 
the  two  frames  are  in  a  perfectly  straight  line. 

The  driving  shaft  (E)  goes  through  the  inside  of  the  bed  (A),  and  under  the 
centre  of  the  turning  frames  ;  on  the  driving  shaft  there  are  keyed  two  pinions 
which  gear  into  the  wheels  (F).  There  are  openings  in  the  top  of  the  bed  (A), 
through  which  the  teeth  get  into  contact :  h  are  sockets  of  gun-metal,  on  which 
are  keyed  the  wheels  (F);  i  are  the  bearings  in  which  the  spindle  (G)  runs.  H 
are  the  frames,  in  which  the  turning  tools  are  fixed  ;  k  k  are  the  tools,  shown 
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with  a  cut ;  the  pieces  {m)  on  the  other  side  are  rubbers,  which  act  as  a  stay  to 
the  tool,  and  to  prevent  tremor. 

A  groove  is  cut  along  part  of  the  spindle  (G),  in  which  fits  a  corresponding 
key,  fastened  in  the  socket  {h),  so  that  the  rotation  of  the  wheel  and  socket 
gives  a  motion  to  the  spindle,  while  the  groove  in  the  spindle  allows  it  to  move 
endwise,  as  may  be  required :  the  motion  for  feeding  the  cut  mav  be  wrought 
self-acting  or  by  hand.  J  is  the  self-acting  feeding  motion,  shown  in  gear  :  to 
throw  it  out  of  gear,  and  work  by  hand,  it  is  only  necessary  to  push  the  wheel 
(o)  back  to  the  head  of  the  stud  [q) ,  and  turn  the  handle  :  the  manner  in  which 
the  self-acting  motion  is  produced  is  very  ingenious.  The  end  of  the  spindle 
(G),  which  is  farthest  from  the  turning  tool,  is  bored  out  hollow ;  into  the  tube 
there  is  fitted  a  spring,  wnth  four  arms  that  force  outwards.  This  spring  is 
keyed  on  the  end  of  a  small  steel  shaft,  having  a  small  steel  pinion  on  its  other 
end :  this  pinion  gears  into  the  wheel  (o) ,  which,  by  the  long  pinion  keyed  on 
its  boss,  gives  a  motion  to  the  wheel  (r) .  The  wheel  (r)  is  keyed  on  the  end 
of  a  screw,  which  is  connected  to  the  spindle  (G) ,  and  so  gives  it  the  forward 
motion.  One  great  advantage  of  having  the  motion  through  the  spring  is,  that 
when  the  tool  comes  to  any  place  on  the  trunnion  where  it  cannot  get  forward, 
the  spring  slips  in  the  tube,  and  no  mischief  arises. 

As  was  observed  before,  to  disengage  the  self-acting  motion,  it  is  only  push- 
ing the  wheel  (o)  out  of  gear  with  the  steel  pinion  on  the  end  of  the  spring 
shaft ;  and  as  the  pinion  on  the  boss  of  the  wheel  (o)  is  double  the  breadth  of 
the  wheel  (r) ,  it  still  remains  in  gear  with  r,  so  that  the  hand- wheel  (o)  retains 
a  command  over  the  spindle.  K  is  a  fly-wheel  on  the  end  of  the  driving  shaft 
(E),  by  which  the  workman  may  turn  the  tool  round  by  hand,  when  he  requires 
to  do  so.  L  is  the  strap  lever,  by  which  the  machine  is  thrown  out  or  into 
gear.     It  is  wrought  by  the  handles  (n).     M  are  the  fast  and  loose  pulleys. 

Before  putting  a  gun  into  this  machine,  the  workman  divides  off  the  distance 
of  the  centre  of  one  of  the  tiimnions  from  the  base  ring,  and  then  describes  a 
circle.  The  gun  is  placed  between  the  centre  and  cone.  The  gun  is  adjusted 
with  a  spirit-level.  He  knows  by  the  drawing  how  much  the  axes  of  the  trun- 
nions are  below  the  axis  of  the  bore,  so  by  the  handles  (c)  he  raises  the  gun, 
setting  it  to  the  index  as  the  gun  requires :  he  then  fixes  a  scriber  where  the 
turning  tool  is  fastened,  and  by  turning  it  round  carefully  by  hand,  he  sees  if 
the  line  it  makes  coincides  with  his  former  division  ;  if  it  does  not,  the  gun  is 
shifted  by  the  handles  (6)  until  it  is  brought  to  its  true  position.    The  fastening 
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bolts  ig)  are  then  tightened,  and  to  prevent  the  gun  from  moving  during  the 
operation,  it  is  wedged  up  underneath. 

Both  trunnions  can  be  turned  at  the  same  time,  the  whole  operation  occupy- 
ing from  five  to  seven  hours. 

Nothing  can  exceed  the  accuracy  by  which  guns  are  trunnioned  with  this 
machine.  As  the  spindles  are  at  right  angles  to  a  line  drawn  through  the 
centre  of  the  gun,  the  trunnions  must  be  at  right  angles  to  the  bore  ;  and  as  the 
axes  of  the  spindles  are  in  a  straight  line,  the  axes  of  the  trunnion  must  be  in 
a  straight  line  with  one  another. 

When  the  guns  are  trunnioned,  they  are  taken  to  the  drilling  machine  to  be 
vented. 

Plate  XVI.  shows  side  and  front  elevations  of  the  drilling  machine,  with 
a  section  of  the  spindle ;  the  same  letters  in  all  the  figures  apply  to  the 
same  parts. 

A  is  a  strong  frame  of  cast  iron,  in  one  casting ;  it  is  bolted  to  the  wall  of 
the  building  by  the  four  bolts  (a),  with  wall  plates  on  the  outside.  B  are  the 
fast  and  loose  pulleys :  on  the  same  axle  is  keyed  the  cone  pulley  (C).  D  is  a 
corresponding  cone  pulley,  keyed  on  the  same  axle  as  the  wheel  (6).  The  object 
of  having  the  cone  pulleys  is  to  obtain  variety  of  motion  ;  for  example,  a  hole  of 
i  inch  in  diameter  would  be  drilled  with  a  much  faster  motion  than  a  hole  of 
2  inches  diameter.  By  having  the  cone  pulleys,  the  workman  may  have  the 
motion  that  best  suits  his  work,  by  shifting  the  strap  on  the  proper  division  of 
the  pulley.  S  is  the  strap  which  connects  the  two  pulleys  ;  the  wheel  {b)  gears 
with  the  wheel  (c)  ;  the  boss  of  c  is  fitted  into  a  socket  or  bearing  (d) ,  in  the 
framing  (A).  In  the  spindle  (e)  which  passes  through  the  wheel  (r)  a  longitudinal 
groove  is  cut :  in  this  groove  fits  a  key,  which  is  fastened  in  the  boss  of  the 
wheel  (c) ,  so  that  the  rotation  of  the  wheel  gives  a  motion  to  the  spindle,  while 
the  spindle  is  at  liberty  to  slide  up  or  down.  The  weight  of  the  spindle  is  sup- 
ported by  a  ball  of  cast  iron  (f),  hung  on  the  end  of  a  chain  (g),  which  passes 
over  the  pulley  (h).  The  pressure  to  the  drill  is  comnmnicated  by  the  fly- 
wheel handle  (E).  In  the  boss  of  the  wheel  (E)  a  screw  is  cut,  through  which 
passes  a  screwed  socket  (i),  which  fits  upon  the  spindle.  A  groove  is  cut  along 
the  back  of  the  screwed  socket,  in  which  fits  a  key,  fastened  in  the  framing  (A), 
to  prevent  the  screw  from  turning  round,  so  that  the  turning  of  the  fly-wheel  (E) 
causes  the  screw  to  rise  or  fall ;  and  as  the  screw  (i)  presses  on  the  collar  of  the 
spindle  (e),  the  screw  and  sj)indle  rise  or  fall  as  the  wheel  (E)  is  turned,  which 
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is  done  by  the  hand  of  tlie  workman :  k  is  the  apparatus  for  shifting  the  strap, 
from  which  are  suspended  the  balls  (/)  by  the  cords  (?n),  for  throwing  the  machine 
out  or  into  gear.     The  drill  fits  into  a  socket  in  the  spindle  at  ?!. 

We  shall  now  describe  the  bed  or  frame  in  which  the  gun  is  laid  in  being 
drilled.  The  object  of  this  machine  is  to  aftbrd  accuracy  and  facility  in  placing 
the  gun,  in  having  the  different  holes  drilled. 

Plate  XVII.  gives  a  side  elevation  (fig.  1)  of  this  machine,  with  part  of  the 
drilhng  machine  above  it.  Figs.  2,  3,  and  4,  are  different  parts  of  the  same: 
the  same  letters  in  all  the  figures  apply  to  the  same  parts. 

A  is  a  bed  of  cast  iron  ;  the  top  surfaces  are  planed  with  dovetail  edges  ;  upon 
the  bed  are  fitted  the  two  slides  or  saddles  (B  and  C).  The  slide  (B)  carries 
the  body  of  the  gun,  while  the  breech  rests  upon  C :  each  of  these  slides  can  be 
made  to  slide  along  the  bed  of  the  machine.  Within  the  bed  (A),  and  on  each 
side  of  it,  there  is  placed  a  horizontal  screw,  with  a  wheel  (a)  on  the  outer  ends 
of  them  ;  into  these  gear  other  wheels  (b) ,  which  are  keyed  on  the  boss  of  the 
Hy-wheel  handles  (c).  The  screw  passes  through  nuts  in  the  shdes.  The 
handle  and  wheels  seen  in  the  drawing  are  for  the  slide  (C),  but  those  on  the 
other  side  are  exactly  the  same :  by  turning  the  handles  (c)  the  shdes  pass 
along  the  bed  as  may  be  required. 

On  the  slide  (B)  are  two  columns,  working  in  transverse  slides  by  the  handles 
{d).  The  trunnions  of  the  gun  are  laid  into  V's  on  the  tops  of  the  columns 
(see  fig.  2).  These  V's  are  level,  and  at  right  angles  to  the  spindle  in  the  drilhng 
machine ;  and  as  the  trunnions  are  accurate  and  true,  (as  was  shown  before,)  a 
line  drawn  at  right  angles  to  the  axis  of  the  trunnions,  from  the  highest  point 
in  the  circumference  of  the  gun,  would  bisect  the  bore.  When  the  gun  is  laid 
in  the  V's,  the  first  object  is  to  find  the  highest  point :  this  the  workman 
readily  does,  by  the  aid  of  a  spirit-level  for  the  purpose.  Both  at  the  breech 
and  muzzle,  a  line  is  drawn,  cutting  the  two  points :  upon  this  line  he  sets  oft' 
the  vent,  and  the  hole  for  the  tangent  scale,  and  from  it  all  other  divisions  in 
finishing  the  gun  are  taken.  By  the  handles  (rf)  of  the  transverse  slides,  this 
centre  line  is  brought  under  the  centre  of  the  drill,  and  it  now  requires  another 
kind  of  an  adjustment.  Although  the  holes  have  to  be  perpendicular  to  the 
trunnions,  they  are  not  so  to  the  gun  lengthwise  ;  but  at  various  angles  for 
different  patterns  of  guns,  and  in  the  same  gun,  the  hole  for  the  vent  is  at 
a  different  angle  from  the  hole  for  the  tangent  scale :  in  drilling  the  former  the 
breech  is  raised  above  the  muzzle,  while  in  drilling  the  latter  it  often  is  under 
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it.  This  is  accomplished  by  the  drilling  table  (D),  on  the  slide  (C).  The  table  is 
raised  by  the  screw  (e)  underneath,  working  in  a  nut  (/)  in  the  slide  (C).  Near 
the  top  of  the  screw  is  keyed  a  bevel-wheel  (g),  in  which  gears  a  pinion,  keyed 
on  the  same  axle  as  the  hand-wheel  (A).  At  each  end  of  the  drill  table  (fig.  3) 
there  is  a  strong  socket  (i),  accurately  bored.  These  sockets  sUde  up  or  down 
on  the  studs  (k)  that  are  fastened  on  the  slide  (C).  M  is  a  V,  fastened  on  the 
table,  into  which  is  laid  the  breech  of  the  gun.  A  graduated  plumb-level  is 
applied  to  the  muzzle,  and  the  drill  table  is  raised  or  lowered  by  the  handle  (/;), 
until  the  gun  is  lying  at  the  right  inclination.  When  this  is  done,  the  work- 
man turns  the  handle  (c)  of  the  longitudinal  screw,  and  brings  the  centre  of  the 
hole  under  the  centre  of  the  drill  lengthwise.  The  gun  is  now  right,  and  the 
hole  is  drilled ;  both  operations,  including  adjusting  and  drilling,  occupying  a 
very  short  time  indeed. 

Besides  the  holes  for  the  vent  and  tangent  scales,  in  many  guns  there  is  a 
breeching  loop  at  the  cascable,  in  a  line  with  the  trunnions.  In  drilling  this 
hole,  the  trunnions  are  taken  out  of  the  V's,  and  the  gun  turned  round,  until 
they  are  in  a  vertical  position.  The  gun  is  then  placed  in  wooden  bearings  in 
the  frame  (F),  which  is  bolted  to  the  slide  (B).  F  is  of  cast  iron,  and  planed  on 
its  bottom  and  front  surfaces ;  on  its  front  are  planed  two  vertical  dovetail 
slots,  for  the  reception  of  bolts  to  fasten  the  frame  (G),  which  slides  up  or  down 
as  may  be  required.  The  frame  (G,  fig.  4)  is  composed  of  two  vertical  studs 
(m,)  fastened  in  a  roll  plate  (I) .  On  one  of  the  studs  the  cross  head  (H)  swivels, 
and  with  an  opening  in  the  boss,  at  the  other  end  of  the  cross  head,  it  clasps 
the  other  stud.  K  K  are  two  pieces  of  wood  that  fit  between  the  studs.  To 
place  a  gun  in  the  frame,  the  cross  head  is  turned  to  one  side  ;  the  top  piece  of 
wood  is  lifted  out,  and  the  gun  dropped  into  the  other  bottom  piece :  the  top 
piece  is  again  slipped  in,  the  cross  head  turned  round  to  its  place,  and  the  gun 
bound  by  the  screw  and  handle  (L),  when  the  gun  is  brought  to  a  true  level  by 
the  drill  table,  and  adjusted  lengthwise  as  before,  with  the  handle  (c).  It  may 
be  stated,  that  the  drill  table  (D)  can  be  used  for  ordinary  drilling  when  not 
required  for  guns.  The  top  surface  is  flat  and  level,  and  slots  are  provided  to 
fasten  the  work  by.      (This  machine  was  constructed  in  the  establishment.) 

When  all  the  holes  in  the  gun  are  drilled,  it  is  taken  out  of  the  drilling  bed, 
and  laid  on  a  pair  of  trestles.  The  first  thing  done  is  to  prepare  the  hole  for 
the  copper  vent :  this  is  accomplished  by  hand  with  a  series  of  screwing  taps. 
The  copjjcr  vents  are  made  out  of  l]-inc'h  round  bolt  coj)pc'r.     Tlic  j)icces  are 
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cut  off  the  bolt  to  the  proper  length  by  a  circular  saw,  in  a  shaping  machine. 
A  number  of  the  pieces  are  then  fastened  between  two  plates,  on  a  planing 
machine,  and  have  squares  planed  on  one  end  of  them  ;  these  squares  tit  into  a 
chuck,  in  a  small  horizontal  drilling  machine.  The  other  end  of  the  copper 
runs  in  a  steel  bearing  or  collar.  A  boy  holds  a  drill  in  his  left  hand,  and  with 
his  other  turns  a  screw  that  presses  the  drill  into  the  metal.  The  hole  is 
drilled  right  through.  As  the  hole  is  small,  (f  ths  of  an  inch,)  the  copper 
revolves  at  770  revolutions  per  minute. 

When  as  many  pieces  as  are  required  are  drilled,  they  are  taken  to  a  self- 
acting  and  screw-cutting  lathe,  to  be  turned  and  screwed :  they  are  now  ready 
for  the  gun.  The  vent  is  screwed  into  the  hole  by  two  men,  with  a  powerful 
lever,  fitted  on  the  square  of  the  copper  vent ;  and  when  the  vent  is  home  to  its 
place,  the  square  is  cut  off. 

When  six  or  eight  guns  are  advanced  thus  far,  they  are  again  put  in  the 
boring  and  turning  lathe,  to  have  the  projection  of  the  copper  cut  off  inside  the 
bore,  and  to  have  the  chamber  finished. 

Although  the  gun  seems  now  almost  completed,  it  is  a  striking  fact,  that  as 
regards  men's  time,  there  has  more  to  be  bestowed  on  it  yet  than  in  all  the 
previous  operations. 

If  we  take,  for  example,  a  24-pounder  howitzer,  for  sea  service :  the  cutting 
off  the  dead  head,  centering,  boring,  turning,  planing,  trunnioning,  drilhng,  and 
venting,  will  occupy  altogether  from  seven  to  eight  days  ;  but  the  time  that  will 
be  required  to  finish  what  is  comparatively  small, — the  loop,  vent-field,  sight, 
and  the  necks  of  the  trunnions, — will  be  from  eight  and  a  half  to  nine  and  a  half 
days ;  while  the  expense  of  tools,  viz.,  chisels  and  files,  is,  to  say  the  least,  five 
times  more  than  in  all  the  previous  operations.  (Six  days  more  will  be  occupied 
in  engraving  the  gun.)  The  various  parts  that  have  to  be  removed  and  finished 
by  the  chisel  and  file  are  so  very  different  in  their  shapes,  that  at  first  thought, 
it  would  appear  almost  an  impossibility  to  make  a  machine  to  do  this  work  per- 
fectly and  efficiently;  but,  on  further  reflection,  these  difficulties  in  a  great 
measure  vanish.  A  shaping  machine  for  this  very  important  purpose  may  be 
constructed,  and  we  trust  that  before  long  this  desideratum — the  only  thing  now 
necessary  to  complete  the  machinery — will  be  supplied  ;  and  if  so,  we  hope  to 
be  able,  in  a  subsequent  volume,  to  furnish  the  drawings  and  description 
thereof 

Before  concluding,  it  may  be  stated,  that  besides  the  machinery  more  espe- 
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cially  adapted  and  intended  for  the  manufacture  of  cannon,  there  is  a  complete 
set  of  engineers'  tools,  as  is  shown  in  the  plan  of  the  factory,  Plate  XL;  so  that 
any  additions,  alterations,  or  repairs  to  the  machinery,  may  be  effected  on  the 
premises;  and  at  the  present  time  (1845)  workmen  are  there  engaged  in  con- 
structing granulating  and  breaking -down  machines,  for  the  service  of  the 
powder-mills  at  Waltham  Abbey. 

Adjoining  the  factorj'  is  an  iron  foundery  and  blacksmiths'  shop  ;  the  fan  for 
blowing  the  cupola  and  the  forges  being  driven  by  the  steam  engine. 

John  Anderson. 
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VII. — Notes  on  a  Coffer-Dam  constructed  in  Her  Majesty's  Dockyard, 

Devonport. 

This  cofFer-dam  has  been  constructed  for  the  purpose  of  building  a  sea  wall 
and  an  entrance  into  a  future  ship  basin.  The  dotted  lines  (a,  a,  a,  figs.  1  and  2, 
Plate  XVIII.)  show  the  general  outline  of  the  proposed  basin,  with  its  entrance, 
and  two  docks  out  of  the  basin.  The  entrance  to  the  basin  will  be  70  feet  wide, 
and  have  a  depth  of  water  of  27  feet  at  high- water  neap  tides.  The  plan 
of  the  dam,  as  first  constructed,  is  shown  at  b,  b,  b,  figs.  1,  Plates  XVIII.  and 
XIX.  A  part  of  the  shoring  is  shown  as  first  designed  in  fig.  1 ,  Plate  XIX.,  and 
by  the  section,  fig.  3,  Plate  XVIII.  The  abutment  of  the  shoring  was  against 
sheet  piling  filled  in  at  the  back,  where  the  ground  made  such  means  available, 
as  at  c,  c,  c  ;  and  at  the  entrance  to  the  boat  basin,  against  an  arch  of  old  ship 
timber,  as  at  d,  d.  A  dam  was  made  across  the  entrance  to  the  boat  basin  (e), 
to  cut  oflfthe  water  in  that  direction,  and  a  temporary  entrance  to  the  basin  was 
opened  at  f,  in  order  to  preserve  the  use  of  the  basin  and  dock  therein  as 
long  as  possible. 

An  inspection  of  the  plan  in  Plate  XVIII.,  and  of  the  section,  fig.  1 ,  Plate  XIX., 
will  give  a  general  idea  of  the  system  of  shoring  and  bracing  proposed  for  the 
coffer-dam.  It  would  not  be  profitable  to  enter  into  a  detailed  description  of 
it,  as  it  was  soon  found  necessary  to  depart  from  it,  and  it  was  not  put  to 
the  proof. 

The  coffer-dam  was  constructed  with  three  rows  of  piles  (fig.  2,  Plate  XVIII.), 
the  mud  dredged  from  between  each  pair,  and  clay  filled  in.  In  the  section  the 
clay  is  shown  between  the  two  outer  rows  of  piles,  filled  in  up  to  half-way 
between  high  and  low-water  lines ;  between  the  two  inner  rows,  up  to  high- 
water  line. 

When  the  clay  was  filled  in  between  the  two  inner  rows,  up  to  about  4  feet 
above  low-water  line,  it  burst  in  the  inner  row  of  piles  above  the  surface  of  the 
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mud,  at  G,  G,  which  was  about  the  deepest  part  of  the  dam ;  some  of  the  piles 
there  being  67  feet  long,  and  driven  27  feet  into  the  mud.  The  fact  is,  that 
from  the  waling  at  low^- water  line  to  the  surface  of  the  mud,  a  distance  of  more 
than  20  feet,  the  piles  being  unsupported,  the  pressure  of  the  clay  burst  in  the 
piles.  Clay  has  a  tendency  to  swell  and  spread  out.  Mixing  up  gravel,  stone 
chippings,  &c.,  with  it,  will  counteract  this  in  a  great  measure,  but  it  is  doubtful 
whether  it  would  have  been  sufficient  in  this  instance.  A  second  row  of  piles 
was  driven  close  behind  the  fractured  ones  at  g,  g,  and  it  was  determined  not  to 
raise  the  clay  higher  than  low-water  level  or  thereabouts,  and  to  trust  to  caulk- 
ing for  making  the  dam  water-tight  above  that.  This  check  induced  a  little 
consideration.  The  ground  at  c,  c,  is  made  ground  :  the  sea  wall  at  h,  h,  h, 
was  built  by  diving  bell,  on  piles  which  were  known  to  be  worm-eaten  at  the 
head.  Some  holes  dug  behind  the  sea  wall  (h,  h),  showed  that  the  tide  had  free 
ingress  and  egress.  It  was  necessary  to  secure  the  flank  of  the  dam  at  h,  and 
it  was  judged  advisable  to  contract  the  size  of  the  dam  by  constructing  an 
interior  portion  (i,  i,  i).  To  secure  the  flank  (h),  the  sea  wall  w^as  cut  through  by 
the  use  of  a  diving  bell,  and  the  dam  (k,  k,  k)  was  constructed,  the  mean  section 
of  which  is  shown  at  fig.  2,  Plate  XIX.  Rock  was  found  at  low-water  level  at 
that  end  of  it  next  the  storehouse.  A  trench  was  excavated,  two  rows  of  piles 
driven  to  low-water  line,  the  earth  dredged  from  between  them,  and  the  space 
filled  in  with  clay,  which  was  tapered  up  from  the  heads  of  the  piles  to  high- 
water  level,  and  the  earth  filled  in  and  rammed. 

The  inner  dam  (i,  i,  i)  being  driven,  and  the  shoring  fixed,  advantage  was 
taken  of  low  tide  to  shut  out  the  water  by  the  culvert.  When  the  tide  had 
risen  rather  more  than  half,  the  shoring  in  one  part  was  heard  to  crack,  and  the 
water  was  therefore  suddenly  let  in  by  the  culvert.  It  must  be  observed  that 
the  portion  i,  i,  i,  did  not  form  part  of  the  original  plan,  and  because  of  its 
figure,  the  shoring  was  irregular,  and  controlled  in  some  manner  by  existing 
work.  There  was,  therefore,  a  weak  point  in  it  which  had  escaped  notice. 
The  above  are  reasons  also  why  the  shoring  of  this  inner  cofter-dam  is  not 
shown  in  the  drawing  nor  described.  When  the  defect  in  the  shoring  was 
corrected,  the  water  shut  out  again,  and  the  pumps  set  to  work,  and  when  the 
tide  had  risen,  the  inner  row  of  piles  at  l,  l,  burst  in  above  the  surface  of  the 
mud.  As  neither  of  the  outer  rows  of  piles  were  at  all  disturbed,  it  is  presumed 
that  by  letting  in  the  water  suddenly  through  the  culvert,  the  mud  at  the  foot 
of  the  piles  was  washed  away,  and  the  same  state  of  circumstances,  as  at  g,  g, 
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then  produced  the  same  effects.  There  is  the  more  reason  to  suppose  this,  as 
the  mud  was  afterwards  found  heaped  up  in  the  opposite  corner  of  the  dam. 

The  fractured  piles  were  drawn,  and  others  driven  in  their  place.  Also,  to 
prevent  a  recurrence  of  similar  accidents,  the  inmost  rows  of  piles,  (m,m,m), 
near  the  line  of  the  foot  of  the  masonry  in  front  and  at  hack,  were  driven ;  not 
as  a  water-tight  dam,  but  to  support  rubble  which  was  thrown  in  between  these 
rows  and  the  main  dam,  up  to  the  level  of  low  water  nearly.  Fig.  2,  Plate  XVIII., 
is  a  section  showing  this  arrangement:  n,  n,  n,  are  the  rows  of  piles  last 
driven,  and  thus  the  inner  space  of  the  dam  at  low  water  was  contracted  to  that 
space  actually  required  for  the  masonry. 

As  the  water  was  lowered  by  the  pumps  and  the  mud  was  excavated,  waling 
and  shores  were  introduced  at  every  5  feet.  A  set  of  waling  and  shores  was 
kept  in  readiness,  and  the  shores  being  short,  and  not  requiring  bracing,  truss- 
ing, &c.,  they  were  easily  and  quickly  inserted.  Operations  then  went  on 
successfully,  the  mud  was  excavated,  the  rocks  (slate)  levelled,  and  the  masonry 
built  in,  the  first  stone  being  set  at  55  feet  below  high-water  average  spring 
tides,  until  it  had  risen  to  a  level  which  made  it  advisable  to  bring  up  that  part 
of  the  invert  for  the  caisson  included  in  the  dam  at  o.  The  excavation  at  that 
part  was  commenced ;  but  when  it  had  reached  the  rock  in  one  part,  and 
preparations  were  being  made  for  beginning  the  masonry  there,  a  strong  leak 
occurred  about  the  spot  p.  Whence  it  arose  was  never  clearly  determined. 
Probably  some  of  the  piles  at  the  angle  were  not  well  down,  for  the  whole 
ground  was  very  foul  wath  old  mooring  chains,  anchor  stocks,  pieces  of  oak 
plank,  &c.  However,  it  could  not  be  conquered,  and  therefore  it  was  decided  to 
include  the  defective  part  by  extending  the  dam  as  shown  by  the  part  shaded 
dark,  which  would  take  in  about  15  feet  beyond  the  centre  of  the  invert  for  the 
caisson.  This  was  accordingly  done.  The  rows  of  piles  (q  q)  were  drawn,  p 
being  left  as  a  kind  of  intermediate  abutment  for  the  shoring  in  this  new  com- 
partment of  the  coffer-dam.  The  water  was  pumped  out,  the  excavation  made, 
and  waling  and  shores  inserted  at  every  5  feet  of  depth.  Thus  the  rock  was 
again  reached,  and  preparations  made  for  commencing  the  masonry;  but  again 
did  the  water  break  in  at  the  side  (r),  near  the  bottom.  The  outer  row  of  piles 
remained  undisturbed. 

The  section,  fig.  3,  Plate  XIX.,  will  show  the  cause  of  this  last  failure.  The 
line  of  masonry,  in  plan,  will  be  parallel  to  the  line  of  piles  (r),  and  at  about  6 
feet  from  it.    A  bank  of  mud  and  slate  rock,  5  feet  wide,  was  left  at  the  foot  of 
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the  piles,  and  too  much  dependence  was  placed  on  this  bank  for  supporting  the 
lower  5  feet  of  the  piles.  There  should  have  been  another  set  of  shores  there. 
Probably  the  ver}'  driving  of  the  piles  into  the  ground  and  rock  had  destroyed 
its  consistency,  so  that  it  afforded  little  support  to  them. 

The  piles  were  every  where  driven  to  the  rock,  which  is  slate,  and  rather 
soft  at  the  surface ;  but  wherever  opportunity  was  offered  by  excavation,  of 
seeing  the  effect  of  the  pile  shoes  on  the  rock,  it  was  found  that  it  was  shivered 
up  into  small  fragments. 

The  remedy  proposed  for  this  last  failure,  is  to  drive  a  row  of  piles  parallel  to 
the  fractured  ones  (r),  at  about  5  feet  from  them,  and  to  fill  in  the  intermediate 
space  with  rubble ;  also,  to  support  the  foot  of  this  new  row  of  piles  with 
rubble,  which  will  afterwards  have  to  be  excavated  again,  and  replaced  by  shores 
as  the  water  is  lowered.     This  operation  is  now  in  hand. 

A  few  profitable  lessons  may  be  learned  from  the  above  failures.  The  first 
was  caused  by  the  simple  pressure  of  clay  acting  against  a  long  length  of  the 
piles,  which,  being  below  low  water,  was  vmsupported  by  shores  or  otherwise. 
The  water  was  level  inside  and  outside  the  dam.  It  might  be  possible  to 
introduce  shoring  below  low  water  by  means  of  the  diving  dress,  &c.,  but 
probably  it  would  be  impossible  to  do  so,  at  such  a  depth  as  in  the  present 
instance,  in  a  manner  on  which  to  place  any  dependence ;  especially  where  the 
shoring  is  not  simple  and  direct,  but  requires  to  be  braced,  trussed,  and  carried 
some  distance  to  an  abutment.  Tlie  mode  of  getting  over  the  difficulty  in  this 
instance  was  probably  the  best  that  could  have  been  adopted  for  the  locality. 
The  piles  from  low  water  down  to  the  surface  of  the  mud,  the  surface  or  softer 
j)art  of  which  was  of  course  displaced  by  the  rubble  thrown  in,  became  sup- 
ported by  a  substantial  bank  or  wall  of  rubble,  9  or  more  feet  wide.  The  mud 
itself  below  that  became  the  support,  and  it  was  found  that  this,  where  undis- 
turbed, was  very  solid.  The  rubble  used  was  procured  from  the  Breakwater 
(luarrics,  and  was  admirably  suitable  for  the  purpose.  It  consisted  of  the  small 
rubble  and  chippings  of  the  quarries,  which  had  a  good  deal  of  clay  mixed  with 
them.  It  had  weight  and  consistency,  and  was  without  that  tendency  to  swell 
and  spread  out  which  pure  clay  has.  The  arrangement  also  having  reduced 
the  interior  space  of  the  coffer-dam  to  a  limited  size,  the  shoring  became 
very  simple  and  easy  of  execution  ;  an  object  to  be  particularly  aimed  at, 
especially  where  the  dam  has  much  depth,  and  where  there  is  a  possibility  of 
any  of  the  piles,  below  low  water  or  below  the  surface  of  the  mud,  turning  out 
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defective,  or  having  been  driven  out  of  line.  In  this  dam,  many  of  the  piles  are 
60  feet  or  more  in  length.  The  rise  and  fall  of  the  tide  at  extraordinary  spring 
tides  is  18  feet.  Supposing  the  upper  waling  affixed  to  the  guide  piles  to  be 
fixed  2  feet  above  high  water,  making  20  feet  between  the  upper  and  lower 
walings,  and  supposing  a  pile  60  feet  long  to  be  driven  as  a  sheeting  pile,  there 
will  then  be  about  35  feet  of  the  pile  below  the  lower  wahng,  or  below  low 
water,  which  might  take  a  direction  2  or  3  feet  out  of  line  at  the  toe,  without 
the  circumstance  being  perceptible  at  top.  If  such  a  case  should  be  discovered 
on  pumping  out  the  water  and  making  the  excavation,  there  is  infinitely  greater 
chance  of  patcliing  up  a  defective  part  where  the  shoring  is  simple  and  in  short 
lengths,  than  where  it  is  complicated.  Besides,  any  operations  connected  with 
or  affecting  the  shoring,  should  be  done  at  low  water,  the  time  of  which  is  very 
limited. 

The  second  failure  probably  arose  from  a  culvert  having  been  opened  sud- 
denly, which  let  in  a  large  body  of  water  with  a  fall,  thereby  removing  the 
supporting  mud  from  the  front  of  the  piles.  The  lesson  to  be  learnt  from  this  is 
obvious  enough, — either  to  let  in  the  water  very  gradually,  or  to  let  it  fall  on  a 
platform  of  timber,  or  to  lead  it  away  through  a  shoot  or  trough  to  some  part 
of  the  dam  not  likely  to  be  injured ;  or,  where  there  is  choice,  to  place  the 
culvert  where  it  cannot  do  injury. 

The  third  failure  teaches  us  not  to  place  confidence  in  banks,  unless  estab- 
lished on  a  broad  basis ;  indeed,  never  to  consider  a  dam  secure  when  more 
security  can  be  given  to  it,  and,  within  reasonable  limits,  to  multiply  the 
shoring  up  to  that  point  where  it  would  begin  to  impede  the  ulterior  purpose 
of  the  dam. 

These  notes  will  probably  be  continued  on  some  future  occasion. 

Geo.  H.  Burgman, 

March  26,  1845.  Captain,  Royal  Engineers. 
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VIII. — Description  of  James  Nasmyth's  Patent  Steam  Hammer. ~~ 

Before  describing  the  steam  hammer,  it  may  be  as  well  to  make  a  few  remarks 
on  the  general  principle  and  construction  of  the  ordinary  forge  hammers, 
with  which  we  shall  have  to  contrast  it  in  respect  to  its  action,  power,  and 
capabihties.  For  this  purpose  it  will  be  best  to  refer  to  fig.  1,  Plate  XX.,  which 
will  convey  a  general  idea  of  the  construction  and  arrangement  of  one  of  the 
most  improved  ordinary  forge  hammers,  in  which  it  will  be  seen,  that  in  order 
to  produce  the  requisite  lifting  and  falling  motion  of  the  hammer  (A),  the  original 
rectiUneal  motion  of  the  piston  rod  of  the  steam  engine  has  to  pass  through  all 
the  complex  media,  consisting  of  beam  (B),  connecting  rod  (C),  crank  (D),  shaft 
(E),  fly-wheel  (F),  belt  (G),  to  the  fly-wheel  (H),  from  that  to  the  cam  shaft  (I), 
and  finally,  through  the  sliding  of  the  inclined  backs  of  the  cams  under  the  tail  (T) 
the  hammer  (A)  is  raised  and  let  fall  by  a  sort  of  jolting  action,  as  each  cam 
passes  in  succession  under  the  tail  (T).  In  this  truly  roundabout  manner  is  the 
original  straight  up  and  down  motion  of  the  piston  rod  so  far  recovered  and 
transferred  to  the  hammer  (A),  only  in  a  modified  and  very  inconvenient  manner 
after  all,  inasmuch  as  the  hammer  (A),  resting  on  its  rocking  centres  (K),  does  not 
permit  its  face  to  strike  the  w^ork  in  a  manner  parallel  to  the  anvil,  except  at 
one  particular  height,  which,  in  many  cases,  is  found  to  be  a  source  of  great 
inconvenience  ;  and  as  there  are  no  means  provided  in  such  hammers  for  modi- 
fying the  force  of  the  blow,  we  are  obliged  to  be  content  to  take  what  it  deals 
out  in  its  own  brute-force  style  ;  and  with  this  disadvantage,  in  addition,  that  on 
account  of  the  impossibility  to  vary  the  height  of  the  fall,  except  within  very 
short  limits,  in  the  case  of  hammering  a  large  or  thick  object,  the  clear  space 
between  the  anvil  face  and  hammer  face  is  so  nearly  filled  up  by  the  work  on 
the  anvil  (as  seen  in  fig.  1),  that  little  or  no  clear  space  is  left  for  fall;  and 
consequently,  at  the  very  time  we  want  to  have  most  powerful  blows,  we  then 
get  the  least  powerful,  and  the  reverse;  add  to  which  the  great  space  occupied 
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by  the  entire  apparatus  of  engine,  fly-wheels,  and  hammer,  and  the  enormous 
loss  of  power  incurred  in  the  transmission  and  twisting  about  of  the  original 
power  before  it  reaches  the  final  object. 

Having  said  thus  much  on  the  subject  of  the  ordinary  forge  hammer,  we 
shall  now  proceed  to  describe  the  steam  hammer,  which  simply  consists  of  an 
inverted  cyhnder  (A,  fig.  2),  whose  piston  rod  comes  out  at  the  bottom  of  the 
cylinder,  and  is  attached  at  once  to  a  block  (B),  or  mass  of  iron,  sliding 
vertically  between  two  upright  guide  standards  (C,  C).  This  block  answers 
as  the  hammer,  and  is  placed  in  a  vertical  Une  right  over  the  anvil  block  (D) ; 
so  that  whatever  height  the  hammer  face  is  raised  up  above  that  of  the  anvil 
block,  the  two  faces  are  parallel  at  all  heights.  The  mode  of  action  of  this 
apparatus  simply  consists  in  the  alternate  admission  of  high-pressure  steam 
under  the  piston  (H,  fig.  3,  Plate  XXI.),  which  raises  up  the  piston,  and  with 
it  the  piston  rod  and  hammer  block  (B).  As  soon  as  it  has  attained  the 
required  height,  the  cam  (E,  fig.  2)  comes  in  contact  with  the  valve  lever  (F), 
which  it  moves  in  such  a  position  as  to  cause  the  valve  (V)  to  permit  the  steam 
under  the  piston  to  escape,  which  is  instantly  followed  by  the  fall  of  the  hammer 
block  (B),  with  such  force  as  is  due  to  its  weight,  and  the  space  through  which 
it  falls,  which  can  be  increased  or  diminished  at  pleasure,  by  shifting  the  position 
of  the  valve  lever  (F),  so  that  the  cam  (E)  shall  come  in  contact  with  it  when 
the  hammer  is  at  a  greater  or  less  height  from  the  anvil  block,  as  the  case  may 
require.  As  there  is  little  or  no  friction  in  the  moving  parts  of  this  simple 
arrangement,  and  as  there  is  no  loss  of  power  in  the  means  employed  (namely, 
the  elasticity  of  the  steam),  in  producing  the  lifting  action  of  the  block  (B), 
and  httle  or  no  destructive  action  in  the  manner  in  which  the  steam 
exerts  its  power,  the  whole  apparatus  is  at  once  simple,  compact,  convenient, 
and  highly  manageable  ;  so  much  so,  that  all  varieties  of  force  of  blow  can  be 
given  out  from  the  same  machine,  from  that  powerful  enough  to  cause  the 
hammer  face  to  sink  into  a  piece  of  hot  iron,  as  if  it  were  so  much  clay,  or  at 
another  time  to  drive  a  nail  into  a  piece  of  soft  wood  with  all  the  neatness  and 
care  of  a  joiner  with  his  hand  hammer. 

As  the  space  on  each  side  of  the  anvil  is  quite  clear,  and  the  two  side  standards 
(S,  S)  wide  apart,  every  facility  and  accommodation  is  afforded  for  the  execution 
of  the  most  awkward-shaped  w'ork  ;  and  as  every  ounce  of  weight  in  the  hammer 
block,  even  including  the  weight  of  the  piston  and  piston  rod,  is  converted  into 
available  momentum,  and  made  to  act  simultaneously  in  giving  out  the  blow, 
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the  blows  so  given  out  by  this  hammer  are  truly  effective ;  and  when  it  is 
desired  to  modify  the  blow  on  an  instant,  to  suit  any  intentional  or  accidental 
occasion,  the  steam  is  permitted,  by  drawing  back  a  trigger  handle  (T),  to  re-enter 
below  the  piston  before  it  has  reached  its  lowest  point  of  fall.  The  result  of  this 
is,  that  it  falls  on  high-pressure  steam,  which  forms  the  most  perfect  cushion, 
and  arrests,  without  the  slightest  jerk  or  concussion,  the  most  energetic  descent 
of  the  hammer.  On  many  occasions,  this  power  of  instantly  arresting  the 
blow  proves  of  infinite  value  and  convenience. 

The  closing  of  the  steam  or  shde  valve  (V)  was  described  to  be  caused  by  the 
cam  (E)  coming  in  contact  with  the  valve  lever  (F) ,  which  the  cam  (E)  moves 
up  into  the  position  as  seen  in  fig.  4.  This  position  enables  the  trigger  catch  to 
get  its  point  in  above  the  shoulder  on  the  valve  rod  screw  (Z),  and  hold  it 
in  that  position  until  the  hammer  completes  its  fall.  The  instant  this  is 
the  case,  however,  the  latch  (L)  jerks  down,  and  causes  its  end  (X)  to  come 
in  contact  with  the  bar  (P),  which  it  presses  back  ;  and  as  this  bar  is  in  connec- 
tion with  the  trigger  catch,  the  fall  of  the  latch  causes  the  trigger  to  let 
go  its  hold  of  the  valve  rod  at  Z,  which,  by  reason  of  a  small  steam  cylinder  and 
piston  at  N,  is  instantly  moved  so  as  to  let  the  valve  (V)  come  again  into  the 
steam  admitting  position,  when  the  piston  and  hammer  immediately  rise  as 
before,  and  the  actions  are  all  reversed,  as  already  described.  Thus  the  machine 
is  rendered  perfectly  self-acting. 

In  conclusion,  it  may  be  well  to  describe  a  very  important  detail  in  this 
invention,  namely,  the  manner  and  means  by  which  the  piston  rod  is  attached 
to  the  hammer  block.  This  is  done  through  the  medium  of  elastic  or 
compressible  substances  ;  so  that  when  the  blow  of  the  hammer  takes  place  on 
the  work,  the  concussion,  which  otherwise  would  soon  be  fatal  to  the  piston  rod 
and  piston,  is  softened  so  entirely  by  means  of  this  interposed  compressible 
substance,  (rough  poplar  wood  answers  best,)  placed  below  and  above 
the  piston  rod  end  at  Y,  that  not  the  sliglitcst  injury  has  ever  been  known 
to  arise  from  the  most  %'iolent  and  unceasing  action.  The  piston  rod, 
having  a  solid  end  or  knob,  above  and  below  which  the  wood  packing  is 
placed,  and  all  kept  fast  by  two  cross-keys  (O,  O),  the  whole  is  rendered  at  once 
simple  and  substantial,  as  well  as  easy  of  access  when  it  is  desired  to  get  at 
these  parts. 

It  will  be  observed,  that  the  top  of  the  cylinder  is  made  steam-tight.  The 
object  of  this  is  not  only  to  exclude  the  cold  air,   but  also  to  enable  the 
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stroke,  when  at  its  height,  to  be  limited,  and  all  risk  of  striking  the 
cylinder  top  prevented ;  for  as  soon  as  the  piston  passes  the  row  of  holes 
in  the  cylinder  at  M,  fig.  3,  the  piston  confines  the  steam,  or  air,  in  the 
upper  chamber  (R,  R),  which  finally  arrests,  by  its  accumulating  elasticity, 
the  upward  motion  of  the  piston,  and  adds  that  elasticity  to  the  downward 
action  of  the  piston  at  its  next  fall,  which  greatly  enhances  the  effect  of  these 
highest  blows. 

James  Nasmyth. 


IX. — Description  of  James  Nasmyth's  Patent  Steam  PiIe-Di-iving  Machine. 

Before  proceeding  to  describe  tliis  invention,  it  may  perhaps  be  as  well  to  make 
a  few  preliminary  remarks,  as  tending  to  illustrate  the  subject,  by  explaining  the 
chief  difference  in  respect  to  the  principle  of  action  which  distingxiishes  the  old 
from  tliis  new  system  of  pile-driving. 

Although  the  mechanical  force  expressed  by  4  lbs.  travelling  with  a  velocity 
of  4000  feet  per  second,  is  theoretically  equivalent  to  that  of  4000  lbs.  travelhng 
at  the  rate  of  4  feet  per  second,  yet  in  practice  we  shall  find  that  the  result  of 
the  blow  given  by  these  theoretically  equal  forces  to  any  opposing  body  will 
present  very  different  effects. 

Let  us  consider  what  would  be  the  result  of  each,  were  we  to  endeavour  to 
drive  a  pile  into  the  ground  with  such  equivalent  forces. 

We  should  find  that  the  result  of  a  blow  given  to  the  head  of  a  pile 
by  a  body  weighing  4  lbs.,  moving  at  a  velocity  of  4000  feet  per  second, 
would  be  this, — that  in  place  of  driving  the  pile  into  the  ground,  it  would  shiver 
it  from  bead  to  foot  into  sphnters,  while  it  did  not  in  any  perceptible  degree 
drive  the  pile :  on  the  other  hand,  a  blow  to  the  same  object  by  a  mass 
weighing  4000  tbs.,  moving  at  the  rate  of  4  feet  per  second,  would,  while  it 
did  not  in  the  slightest  degree  injure  the  head  of  the  pile,  be  found  to  drive  it 
some  6  or  8  inches  into  the  earth  at  each  successive  blow. 

The  question  naturally  presents  itself,  what  is  the  reason  of  such  vastly 
different  effects,  arising  from  forces  which  are  said  to  be  theoretically  equal  ? 
the  answer  to  which  will  be  found  in  this, — that  when  we  desire  to  com- 
municate motion  from  one  body  to  another  in  a  state  of  rest,  unless  we  give 
sufficient  time  for  the  transmission  of  the  force  of  the  blow  throughout  the 
entire  mass  of  the  body  struck,  we  shall  only  produce  destructive  instead  of 
impulsive  action :  the  body  struck  will  not  be  moved  from  its  place,  but  rent 
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and  shivered  into  splinters  or  fragments,  according  to  the  nature  of  the  material. 
In  the  other  case,  namely,  the  greater  mass  travelling  with  the  less  velocity, 
(viz.,  the  4000  lbs.  at  the  rate  of  4  feet  per  second,)  sufficient  time  is  given  (by 
reason  of  its  comparative  small  velocity)  for  the  communication  of  the  impulse 
throughout  the  entire  mass,  which  is  in  consequence  impelled  in  the  direction  of 
the  blow  with  corresponding  and  satisfactory  results.  A  pile  so  struck  will  be 
rapidly  ^driven  into  the  ground  without  receiving  the  slightest  injury  from  the 
force  employed,  simply  because  in  this  case  we  employ  the  requisite  amount  of 
force  in  a  proper  condition  for  the  performance  of  the  required  duty.  From 
these  remarks,  we  may  conclude  that  the  proper  condition  for  mechanical  force, 
for  the  purpose  of  driving  piles,  should  be  the  very  reverse  of  that  of  the  blow 
of  a  cannon  ball,  in  which,  although  there  is  embodied  as  it  were  a  vast 
amount  of  momentum,  yet  it  is  not  momentum  or  force  in  a  condition  at  all 
suited  to  impel  a  mass  of  materials,  such  as  a  pile :  as  before  said,  the  exertion 
of  such  quaUty  of  force  would  not  drive  the  pile  in  the  least  perceptible  degree, 
but  would  shatter  it  into  splinters.  For  the  purpose  of  pile-driving,  we  ought 
to  employ  our  force  in  a  condition  quite  the  reverse  of  that  of  a  cannon  ball ; 
namely,  instead  of  a  small  mass  of  iron  travelling  at  a  high  velocity,  we  ought  to 
employ  a  Icirge  mass  or  block  of  iron  falling  on  the  head  of  the  pile  with  a 
moderate  velocity,  and  make  up  for  a  want  of  velocity  by  the  frequency  of  the 
blows.  These  desirable  conditions  will  be  found  to  be  presented  in  high 
perfection  by  the  steam  pile-driving  machine,  which  we  shall  now  proceed  to 
describe. 

The  chief  features  of  novelty  in  this  invention  consist,  in  the  first  place,  in 
the  direct  manner  in  which  the  elastic  force  of  steam  of  high  pressure  is  caused 
to  lift  a  mass  or  block  of  iron,  by  the  often-repeated  fall  of  which  on  the  head  of 
the  pile  it  is  driven  into  the  ground ;  and  secondly,  in  the  pecuUar  manner  in 
which  the  greater  part  of  the  weight  of  the  apparatus  is  rendered  available  or 
made  to  assist  in  forcing  the  pile  down.  This  is  effected  by  its  being  set  on 
the  head  of  the  pile,  in  which  position  it  materially  increases  the  effect 
of  the  blows  by  the  dead  weight  of  the  apparatus,  which  includes  the  weight  of 
the  hammer  or  block,  the  whole  going  down  along  with  the  pile  as  it  is  inces- 
santly knocked  down  into  the  ground.  By  the  combined  action  of  these 
two  agencies,  namely,  the  blows  from  the  block  of  iron  (which  forms  as  it  were 
the  hammer),  together  with  the  dead  weight  of  the  whole  apparatus,  results,  as 
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to  rapidity  of  pile-driving,  are  in  this  way  obtained,  such  as  form  a  strong  con- 
trast with  the  old  system. 

By  reference  to  the  engraving,  we  shall  be  enabled  more  particularly  to 
describe  the  general  arrangement  and  action  of  the  details  of  this  novel 
machine. 

Fig.  1  represents  a  general  view  of  the  entire  apparatus,  as  erected  at 
Devonport,  and  employed  in  the  construction  of  the  coffer-dams  for  the  great 
Steam  Dock  about  to  be  constructed  by  the  Admiralty. 

The  apparatus  consists  of  a  cj-Uuder  (A) ,  whose  piston  rod  comes  out  at  the 
bottom,  and  is  attached  to  a  block  of  cast  iron  (B),  weighing  50  cwt.,  which  acts 
as  the  hammer  or  ram  of  the  pile-driver  :  this  hammer  or  block  of  iron  is 
guided  in  its  rising  and  falUng  motion  by  shding  inside  a  wrought  iron  case 
(C),  at  the  lower  end  of  which  is  a  suitable  socket,  so  as  to  enable  the  entire 
apparatus  (A,  B,  C)  to  rest  on  or  be  supported  by  the  shoulders  of  the 
head  of  the  pile  in  such  a  maimer,  that  while  the  head  of  the  pile  is  left  ex- 
posed to  the  blows  of  the  hammer  face  (B),  the  entire  weight  of  A,  B,  C,  shall 
be  constantly  tending  to  press  the  pile  (.D)  into  the  ground ;  the  chain  (E) 
being  for  that  purpose  left  quite  slack. 

Steam  of  suitable  pressure  is  then  introduced  below  the  piston  in  the  cylinder 
(A),  by  means  of  the  folding  or  flexible  steam  pipes  {a,  a,  a),  which  serve  to 
convey  the  steam  from  the  boiler  (F),  whatever  be  the  position  of  A,  B,  C,  with 
respect  to  it.  The  instant  the  steam  is  admitted,  the  hammer  block  (B)  is 
raised  up  3  feet,  on  arriving  at  which  height  it  cuts  off  the  further  supply  of 
steam,  and  as  instantly  lets  that  which  had  served  to  raise  the  piston  and 
attached  hammer  escape :  this  action  is  instantly  followed  by  the  fall  of  the 
hammer  block  (B)  on  the  head  of  the  pile,  which,  from  the  effect  of  so  energetic 
a  blow,  is  instantly  driven  into  the  ground  to  such  extent  as  the  nature  of  the 
soil  admits :  the  sinking  down  of  the  pile  is  also  followed  by  a  corresponding 
sinking  or  following  down  of  the  entire  apparatus  (A,  B,  C),  which  action 
accompanies  each  successive  blow ;  and  as  the  steam  is  re-admitted  under  the 
piston  on  the  instant  of  each  blow  being  given,  the  action  proceeds  with  a 
degree  of  energy  and  rapidity,  such  as  peculiarly  distinguishes  the  action  of  this 
apparatus.  The  ordinary  working  rate  is  eiglity  blows  a  minute  ;  the  result 
of  which  energetic  action  is  that  the  pile  is  driven  to  the  required  depth  in  a 
few  minutes.   This  being  accomplished,  the  winding  gear  (G),  which  receives  its 
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motion  from  a  small  cylinder  placed  under  the  boiler  and  worked  by  the  spare 
steam,  is  started,  and  the  entire  apparatus  moved  onward  to  the  place  where 
the  next  pile  is  to  be  driven ;  and  as  the  next  pile  had  been  elevated  by  the 
capstan  rope,  and  slung  all  ready  during  the  driving  of  the  last  pile,  no  time 
is  in  that  respect  lost.  The  apparatus  (A,  B,  C)  is  wound  up  by  the  winding 
gear  (G),  and  placed  on  the  head  of  the  next  pile  to  be  driven.  The  chain 
(E)  is  again  left  slack,  so  as  to  leave  the  entire  weight  of  A,  B,  C,  (equal  to 
5^  tons,)  resting  on  the  shoulders  of  the  pile.  The  steam  is  then  admitted 
again  under  the  piston  (A),  and  the  hammering  action  re-commences  with  all 
due  energy,  and  continues  working  away  at  the  head  of  the  pile,  following  it 
down  as  it  sinks  into  the  ground,  never  ceasing  to  give  out  its  sturdy  blows  till 
it  is  driven  to  the  required  depth.  As  the  apparatus  is  represented  in  fig.  1,  it 
is  mounted  on  a  wooden  platform,  and  roils  along  two  rails  (K,  K),  from  pile  to 
pile.  The  platform  has  also  an  advancing  motion  in  the  direction  O,  P,  so 
that  a  double  row  of  piles  may  be  driven  at  any  interval  less  than  10  feet 
apart  in  the  direction  of  O,  P,  or  close  together,  if  so  required.  There  are 
no  limits,  save  the  length  of  the  gangway,  in  the  other  direction.  The  entire 
machine  is,  in  fact,  at  once  a  self-acting  pile-driving  machine  and  locomotive 
engine. 

It  may  be  as  well  to  observe  that  the  socket  at  the  bottom  of  the  guide  case 
(C)  has  a  mouth-piece  (W),  so  constructed  as  to  grasp  the  sides  of  the  pile, 
and  causing  it  in  effect  to  be  a  part  and  parcel  of  the  entire  machine :  during 
the  driving,  it  is  in  that  simple  manner  kept  from  twisting  or  swerving  from  the 
exact  vertical  position  it  had  at  the  commencement,  as  it  is,  for  the  time 
being,  a  part  of  the  entire  apparatus.  The  apparatus  (A,  B,  C)  is  securely 
guided  in  its  descent  by  the  grasping  arms  which  lay  hold  of  the  guide  rails 
on  the  face  of  the  upright  guides,  down  which  it  slides  as  the  pile  sinks  into 
the  ground. 

The  entire  apparatus  is  made  so  as  to  be  removeable  into  a  barge,  and  so 
rendered  capable  of  driving  piles  out  in  the  river  or  sea,  as  the  case  may 
require. 

Reference  to  figs.  2  and  3  will  enable  me  to  describe  the  action  of  the  details 
of  the  part  of  the  apparatus  referred  to  in  fig.  1,  as  A,  B,  C  ;  the  same  letters 
in  this  case  being  applied  to  the  same  parts. 

In  fig.  2,  it  will  be  observed,  that  according  to  the  position  of  the  parts  of  the 
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apparatus,  a  blow  has  just  been  struck ;  and  according  to  the  then  position  of 
the  valve,  the  steam  is  again  entering  under  the  piston  :  this  is  instantly  followed 
by  the  lifting  of  the  hammer  block  by  the  piston  and  rod,  to  which  it  is  attached. 
As  soon  as  it  reaches  the  height  indicated  in  fig.  3,  the  upper  edge  of  the 
hammer  comes  in  contact  with  the  steam  valve  lever  (X),  which  it  raises  up,  and 
at  the  same  instant  not  only  shuts  off  all  further  supply  of  steam  to  the  under 
side  of  the  piston,  but  also  permits  that  which  had  entered  to  escape :  this 
being  the  case,  the  hammer  descends  with  all  due  energj'  on  the  head  of  the 
pile,  and  knocks  it  so  far  into  the  ground.  The  concussion  which  accompanies 
this  blow  causes  the  latch  (Z)  to  jerk  down  from  the  position  seen  in  fig.  3,  to 
that  seen  in  fig.  2  :  this  jerk  down  of  the  long  end  of  the  latch  (Z)  causes  the 
short  end  to  come  in  contact  with  the  tail  of  the  trigger  (T),  which  is  thereby 
drawn  back  out  from  under  the  shoulder  on  the  valve  rod  (R)  ;  this  permits 
the  steam,  which  presses  constantly  on  the  small  piston  on  the  upper  end  of  the 
valve  rod  at  R,  to  force  the  valve  instantly  into  the  steam  admitting  position,  as 
seen  in  fig.  2  :  this  of  course  is  instantly  followed  by  the  rise  of  the  piston  and 
the  attached  hammer,  which,  on  coming  again  in  contact  with  the  valve  lever 
(X) ,  lifts  it  and  the  valve  rod  (R)  up  into  the  position  seen  in  fig.  3,  where  the 
retaining  trigger  gets  again  in  under  the  shoulder  on  the  valve  rod,  and  keeps 
the  valve  in  the  shut-off  steam  position  until  the  next  blow  liberates  it,  as 
before  described :  thus  the  hammering  action  of  the  machine  is  rendered  quite 
self-acting. 

It  may  be  well  also  to  describe  how  the  upward  motion  of  the  piston  is 
arrested  at  the  right  point,  as  otherwise  it  might,  when  working  with  undue 
energy,  knock  out  the  top  of  the  cylinder.  This  is  accomplished  by  having  the 
top  or  upper  part  of  the  cyUnder  quite  air-tight,  so  that  as  soon  as  the  piston 
passes  the  holes  at  S,  (which  are  all  round  the  cylinder  at  that  part,")  the  air  or 
steam  which  is  shut  up  in  the  chamber  (V,  V)  acts  as  an  air  cushion  or  buffer 
of  the  most  perfect  character,  and  not  only  arrests  any  undue  rise  of  the  piston, 
but  transforms  the  so  resisted  upward  force  into  additional  doirnirard  action,  so 
as  to  add  very  importantly  to  the  energy  of  the  blows,  as  this  action  takes 
place  at  every  stroke  of  the  hammer. 

In  fig.  2,  the  pile  is  exhibited  as  if  knocked  to  a  small  extent  out  of  the 
socket  by  the  effect  of  the  blow.  In  the  actual  working  of  the  machine,  so 
rapid  is  the  following  down  of  the  entire  apparatus  the  instant  after  the  blow 
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is  given,  that  the  sense  of  sight  cannot  detect  this  action  :  the  movement  of  the 
apparatus  downward  along  with  the  pile  is  all  but  simultaneous.  As  in  the 
case  of  the  stearii  hammer,  I  have  adopted  exactly  the  same  mode  of  uniting  the 
piston  rod  with  the  hammer  block,  namely,  through  the  medium  of  an  elastic 
substance  (poplar  wood)  :  this  is  seen  in  figs.  2  and  3,  at  P ;  and  the  ex- 
pedient removes  all  ill  effect  of  the  concussion  most  perfectly. 

James  Nasmyth. 


XI. — Horizontal  Loopholes. 

Horizontal  loopholes  present  a  much  wider  range  of  fire  than  vertical  ones 
for  the  space  exposed ;  and  in  boundary  walls,  defensible  barracks  and  guard- 
houses, reverse  fires,  and  caponnieres,  are  decidedly  preferable. 

The  present  horizontal  loophole  (figs.  1,  2,  and  3)  is  a  cast  iron  frame,  built 
into  the  wall  so  as  to  weaken  it  as  little  as  possible. 

It  is  adapted  for  a  wall  three  bricks  thick. 

The  same  principle  may  be  adopted  in  walls  of  any  thickness. 

Fishbelly  girders  (a  a  a.)  are  provided  to  strengthen  the  upper  part  of  the 
loophole,  and  enable  it  to  carry  the  wall  above.  Arches  however  may  be 
turned,  as  over  window  openings,  if  preferred.  Half-inch  iron  will  be  sufficient 
for  the  sides  and  bottom  of  the  frame. 

By  giving  the  loophole  the  present  form,  it  sets  with  great  firmness  in  the 
wall' 

In  reverse  fires  and  caponnieres,  whose  object  is  the  defence  of  the  passage 
of  the  ditch  when  the  enemy  is  otherwise  occupied  than  in  returning  the  fire 
from  them,  external  objects  will  be  better  seen  by  making  the  larger  opening  of 
the  loophole  outside,  in  which  case  the  smaller  opening  may  be  increased  from 
4^  to  6  inches. 

In  boundary  walls,  barracks,  and  guard-houses,  the  larger  opening  should  be 
inside :  it  will  afford  in  the  two  latter  more  fight,  and  provide  shelves  for  the 
occupants  ;  and  in  the  former,  it  will  present  a  smaller  object,  and  make  the 
opening  higher  from  the  outside. 

Loopholes  should  always  be  higlier  or  lower  than  a  man's  height  from  the 
level  of  the  ground  immediately  in  front  of  tliem.  Wlien  this  cannot  be 
effected,  there  should  be  a  ditch  in  front. 

Six  feet  is  the  length  of  the  larger  opening  of  the  present  loophole  frame, 
whicli  may  be  considered  as  a  maximum,  to  be  reduced  according  to  circum- 
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stances.  In  towers  or  other  works  situated  on  high  and  commanding  points, 
with  no  level  ground  within  range,  the  section  described  by  tig.  4  is  recom- 
mended. 

These  loopholes,  though  here  represented  of  cast  iron,  may  also  be  made  of 
large  slate,  or  hard  stone. 

R.  C.  Alderson, 

Lieut. -Colonel,  Roval  Engineers. 


XII. — Description  of  a  Horizontal  Loopliole,  and  a  Loopholed   Window, 
proposed  by  Lieutenant-Colonel  Ord,  R.E. 

The  accompanying  plans  of  a  loophole,  and  loopholed  window,  had  their  origin 
in  the  evident  necessity  that  existed  for  some  arrangement,  by  which  defensible 
guard  -  rooms,  rooms  in  towers,  small  posts,  and  buildings  within  barrack 
enclosures,  &c.,  could  be  furnished  with  a  reasonable  supply  of  light  and  the 
warmth  of  the  sun,  where  the  other  conditions  connected  with  the  defence  of 
the  post  would  render  ordinary  windows  inadmissible,  and  loopholes  impera- 
tively necessary. 

Such  buildings  are  to  be  found  in  all  parts  on  a  very  extensive  scale,  as  now 
at  Pembroke,  and  the  common  vertical  loophole  is  as  universally  employed  to 
admit  its  wretched  light ;  and  where  these  are  used,  the  rooms  are  generally 
damp,  which  is  as  injurious  to  the  health  of  the  occupiers  as  detrimental  to  the 
building.  From  a  view  of  Lieut. -Colonel  Alderson's  excellent  proposition 
respecting  horizontal  loopholes,  the  present  construction  had  its  rise. 

Figs.  1  and  2  represent  a  simple  horizontal  loophole  for  two  men  to  fire 
through.  They  should  be,  when  practicable,  made  of  cut  stone  throughout, — 
if  of  brick-work,  the  head  should  be  arched,  as  shown  by  dotted  Unes  in  fig.  4  ; 
the  sides  of  common  brick,  and  the  soles  of  good  hard  Dutch  cUnkers,  or  fire- 
bricks (when  manufactured  of  a  hard  nature),  and  set  in  cement. 

All  the  four  sides  have  one  break,  or  return,  ofiering  an  important  obstacle  to 
balls  from  without,  whether  from  a  direct  fire,  or  after  having  been  reflected 
from  some  other  object. 

The  zigzagged  loophole,  fig.  3,  is  a  plan  that  may  be  adopted  with  great 
advantage,  where  it  is  desirable,  or  even  convenient,  to  have  the  mouth  of  the 
loophole  towards  the  enemy,  and  which,  in  consequence  of  the  numerous  facets 
covered  with  sheet  iron,  will  be  found  to  aftbrd  scarcely  less  security  than  the 
plain-sided  one,  with  the  narrow  opening  outwards. 

Note. — It  is  desirable  that  loopholes,  in  time  of  peace,  should  be  closed  near 
the  outward  edge  by  a  piece  of  brick  on  edge  waUing. 
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Figs.  4,  5,  6,  7,  represent  the  loopholed  window.  The  dimensions,  when  the 
window  is  to  be  used  as  a  loophole,  are  the  same  as  those  in  figs.  1  and  2 ;  and 
this  is  effected  as  follows : — A  wrought  iron  abattant,  or  falling  shutter,  is 
attached  to  the  head  of  the  iron  window  frame,  by  means  of  a  pivot  or  hinge, 
the  two  ends  working  in  iron  eyes  or  rings.  The  pivot  is  of  round  bar  iron, 
with  the  sheet  iron  forming  the  abattant  riveted  to  it.  This  abattant  is 
lowered  to  the  iron  rests  (see  dotted  lines  in  fig.  7) ,  and  thus  forms  a  ver}^  com- 
plete loophole.  When  employed  as  a  window,  the  abattant  is  raised  by  winch 
handles,  which  are  fixed  on  tlie  square  ends  of  the  pivot  or  hinge,  and  being 
bolted,  remains  continually  up. 

The  iron  sashes  are  removed  for  action,  and  the  loophole  is  then  clear. 

By  examining  fig.  7,  it  will  be  clear  that  no  injury  can  be  done  to  the 
defender  by  shots  between  the  abattant  and  the  head  of  the  window  above  it, 
unless  the  firing  should  be  of  such  a  nature  that  an  ordinary  loophole  would  be 
almost  destroyed  by  it. 

Plates  are  riveted  to  the  angles  of  the  abattant  to  strengthen  it.  The 
necessity  for  them,  and  their  dimensions  and  numbers,  would  be  left  to  the  dis- 
cretion of  the  engineer,  as  the  strength  required  would  of  course  vary 
according  to  the  fire  hkely  to  be  brought  upon  it,  which  would  depend  upon 
the  locality. 

This  loopholed  window  should  also  be  in  cut  stone  whenever  practicable. 

This  window  may  be  lengthened  to  6  feet  when  necessary  (this  length  being 
the  maximum),  by  dividing  the  sash  frame  into  three  compartments,  and  allowing 
the  two  end  sashes  to  open,  as  the  present  sashes  do  ;  the  third,  or  central  one, 
being  a  fixture,  except  in  case  of  attack,  when  it  should  be  unbolted  at  top,  and 
Ufted  out  of  its  frame,  into  which  it  is  fixed  below  by  two  small  dowels.  In 
this  case,  the  opening  being  large,  the  head  of  the  loopholed  window  might  be 
supported  by  a  small  iron  column,  let  into  the  stone  at  both  ends.  The  abattant 
would  then  require  a  notch  to  be  cut  in  its  edge,  to  allow  it  to  rise  and  fall  past 
the  pillar.  More  strength  must  be  given  to  the  abattant,  of  course  :  one  more 
bolt  would  be  required,  and  two  semicircular  hooks,  or  brackets,  should  be 
attached  to  the  window  frame  to  give  support  to  the  hinge,  a  hole  being 
pierced  through  the  flat  part  of  the  abattant,  to  allow  the  points  of  these  hooks 
to  pass  as  it  rises  and  falls. 

The  figures  show  the  walls  as  2  feet  thick,  but  the  same  principle  may  be 
applied  to  walls  of  every  degree  of  thickness. 

VOL.  vxn.  L 


XIII. — Proposed  Mode  of  Constructing  a  Breakwater,  and  of  Stopping  the  Move- 
ment of  Shingle  on  the  Sea  Coast.     By  Major  Yule,  B.E. 

The  great  expense  of  the  ordinary  mode  of  constructing  breakwaters  of  masonry 
or  of  loose  rock  has  led  to  the  trial  of  other  means  of  resisting  the  action  of 
waves  on  sea  walls,  or  in  harbours. 

Timber  framed  in  various  ways,  both  floating  and  fixed,  has  been  adopted,  it 
IS  presumed,  without  success,  as  no  improvement  on  the  ancient  structure  has 
been  brought  into  general  notice. 

The  substitute  now  proposed  is  on  a  different  principle  :  it  will  also  be  easy 
of  construction,  easy  to  be  repaired,  and  it  will  be  applicable  to  every  situation. 

It  is  to  meet  the  action  of  waves  by  rows  of  vertical  floats,  each  having  its 
own  anchor :  as  these  floats  will  not  offer  much  resistance  singly,  they  will  not 
be  liable  to  be  displaced  or  soon  worn  out,  but  by  dint  of  mere  numbers,  and 
by  yielding  to  the  force  of  the  waves,  they  will  break  it. 

This  method  has  not  been  tested  by  experiment,  but  in  its  simple  elements 
it  is  so  analogous  to  a  common  j)roduction  of  nature,  that  little  seems  wanting 
in  confirmation  of  its  probable  efiiciency. 

The  structure  is  to  consist  of  spars  of  light  timber,  such  as  young  fir  or 
larch  trees,  to  be  anchored  by  the  stem,  so  as  to  float  vertically. 

The  remblance  to  reeds,  which  is  alluded  to  above,  if  it  may  not  have  sug- 
gested the  original  idea,  is  an  obvious  confirmation  of  the  principle :  they 
yield  to  winds  and  waves,  and  overcome  both. 

In  the  course  of  incjuiries  on  the  subject,  a  case  was  mentioned  to  mc  by  a 
naval  officer  of  high  rank,  in  which  he  had  found  shelter  beliind  reeds  during 
a  storm  on  one  of  the  lakes  in  Canada :  but  reference  can  be  made  to  classical 
authority,  aptly  confirming  the  principle  already  stated. 

The  port  belonging  to  Pisa  was  formerly  sheltered  in  a  singular  manner,  as 
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is  related  in  Eustace's  'Italy,'  vol.  ii.  page  272.  "This  port  was  protected 
neither  by  mole  nor  pier,  nor  indeed  by  any  artificial  or  natural  rampart  of 
walls,  rocks,  or  promontories.  Though  it  was  open  to  every  wind,  yet  vessels 
rode  secure  on  its  bottom.  The  cause  of  this  peculiarity  was  the  size  and 
tenacity  of  the  weeds,  which  were  so  closely  interwoven,  it  seems,  as  to  exclude 
the  agitation  of  the  sea,  while  they  yielded  to  the  weight  of  vessels. 

"  Such  is  the  account  of  Rutilius."' 

If  this  project  of  the  vertical  floats  should  prove  successful,  it  may  admit  of 
a  more  extended  application. 

It  may  be  used  in  various  parts  of  the  coast  in  the  South  of  England,  to 
arrest  the  movement  of  shingle,  which  instead  of  being,  as  now,  an  im- 
pediment to  the  efficiency  of  harbours,  may  be  made  to  contribute  to  their 
formation. 

The  structures  hitherto  used  for  the  purpose  are  soon  worn  out  by  the 
attrition  of  the  shingle  ;  but  in  the  manner  now  proposed,  it  would  only  be  the 
first  rows  of  the  spars  which  would  suffer  from  this  cause :  each  row  in  suc- 
cession would  be  less  violently  acted  on,  until  the  shingle  be  finally  stopped. 

If  there  is  nothing  scientific  in  the  above  suggestions,  the  same  remark- 
applies  to  the  system  of  M'^Adam,  which  has  produced  smooth  roads  to  the 
extremities  of  Europe.  By  means  having  the  like  quality  of  simplicity,  smooth 
water  may,  it  is  hoped,  be  obtained  on  every  shore. 


PROPOSED    DETAILS    RESPECTING    THE    VERTICAL    FLOATS. 

1.  It  is  proposed  to  have  the  vertical  floats  of  young  fir  or  larch  trees, 
or  spars,  not  exceeding  25  feet  in  length,  this  being  about  the  greatest  height 
of  waves  above  their  hollow ;  (see  account  of  the  Bell  Rock  Light-house, 
page  309 ;  and  vol.  ii.  page  128,  of  Professional  Papers  of  the  Corps  of 
Royal  Engineers.)  The  diameter  of  the  spars  to  be  nearly  uniform,  averaging 
not  more  than  6  inches,  it  being  desirable  that  the  floats  with  their  anchors 
should  be  easily  managed  in  lowering  and  raising  them. 

2.  The  anchors  to  be  of  stone,  with  iron  rings  fixed  to  them,  to  which  the 
spars  will  be  attached  by  means  of  two  or  three  iron  hnks,  so  as  to  admit  the 
free  vibration  of  the  spars.     The  anchors  will  be  of  about  2  cubic  feet  content, 

'  P.  Rutilius  Rufus  was  a  Roman  Consul  104  veara  b.  c. 
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or  as  much  more  as  on  trial  will  be  found  sufficient  to  prevent  them  from 
dragging. 

3.  To  meet  the  ground  swell,  any  current,  or  disturbed  action  of  the  water 
below  the  level  of  the  hollow  of  the  wave,  the  spars  to  be  lowered  into  the  sea 
to  the  depth  required. 

4.  ^Yhen  the  floats  are  of  equal  length,  and  in  the  same  depth  of  water, 
they  will  not,  it  is  assumed,  be  liable  in  the  course  of  their  vibration  to 
impinge  and  wear  out  each  other,  as  the  waves  will  affect  adjoining  ones 
ahke. 

5.  It  is  impossible  to  calculate  what  number  of  floats  will  be  sufficient, 
as  I  have  not  received  the  account,  which  I  expected,  of  trials  to  be  made 
in  England,  by  which  their  size  and  the  distance  between  them  might  have 
been  decided. 

I  will  assume  the  length  of  the  breakwater  to  be  400  yards,  and  the  distance 
between  the  spars  to  be  5  feet ;  the  number  in  each  row  will  be  240.  Assume 
200  yards  to  be  the  breadth,  the  number  of  rows  will  be  121,  and  the  total 
number  of  spars  29,040.  Call  the  price  of  each  £1,  then  the  cost  of  every 
foot  in  breadth  of  such  a  breakwater  would  be  about  £  50. 

6.  The  durableness  of  spars  so  anchored  admits  of  doubt,  but  after  their 
utility  has  been  tested,  hollow  iron  cylinders  may  be  substituted,  if  cheaper. 

7.  With  respect  to  the  harbour  at  Pisa,  the  imitation  of  it  is  so  obvious,  that 
nothing  more  need  be  said  than  that  a  stout  cordage,  made  of  Sicihan  grass, 
measuring  5  inches  in  girth,  costs  only  about  2d.  a  fathom. 

T.  Y. 


Note. — Since  writing  the  above  I  have  discovered  that  a  proposition  of  a 
very  similar  nature  was  made  by  Major  Parlby,  who  published  it  in  No.  1039 
of  the  Mechanics'  Magazine. — ^T.  Y. 


XIV. — Railways.     By  G.  Drysdale  Dempsey. 

(Continued  from  vol.  vii.  page  159.) 
SECTION   III. 

RETAINING    WALLS,    BRIDGES,    TUNNELS,    &C. 

Considered  in  its  applications  to  railway  service,  the  art  of  bridge  building 
appears  at  once  to  demand  and  to  be  susceptible  of  being  reduced  to  a  system 
of  proportions  and  strengths,  combining  all  the  solidity  and  durabiUty  that 
may  be  required  with  the  utmost  practical  economy  in  cost.  In  preserving 
the  essential  conditions  of  the  line,  the  number  of  bridges  and  other  similar 
structures  is  necessarily  much  greater  than  would  suffice  for  the  same  length  of 
common  road  whose  gradients  and  windings  might  range  within  much  wider 
limits  than  those  prescribed  for  locomotive  transit.  For  every  mile  of  railway 
hitherto  constructed  in  Great  Britain,  from  two  to  four  bridges  have  been 
built ;  and  many  of  these,  it  must  be  remembered,  are  not  mere  single-arch 
structures,  but  viaducts  of  hundreds  of  feet  in  length,  of  great  height,  and 
consequently  great  solidity  and  cost.  It  is  evident  therefore  that  a  single  item 
of  defective  design  in  these  works  entails  most  severe  losses,  either  from  excess 
of  first  cost  on  the  one  hand,  or  from  expensive  repairs  and  additions  on  the 
other ;  and,  together  with  this  occasion  for  scrupulous  care  and  exactness  in 
designing  and  executing  these  works,  those  which  carry  the  railway  appear  to 
admit  of  calculations  of  the  load  they  will  be  required  to  support,  much  more 
readily  and  exactly  than  ordinary  road  bridges,  the  load  upon  which  is  liable  to 
all  sorts  of  fluctuations. 

This  subject  has  of  course  occupied  the  careful  attention  of  railway 
engineers,  and  the  experience  already  obtained  has  produced  many  splendid  ex- 
amples, which  unite  sufficiency  and  economy  in  a  high  degree.  Nevertheless, 
the  former  of  these  conditions  is  so  much  more  readily  seen  and  appreciated 
than  the  latter,  that  the  "  let-well-alone  "  theory  cannot  be  trusted,  and  every 
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one  who  receives  the  charge  of  railway  works  should  feel  himself  stimulated  to 
a  thorough  consideration  of  this  subject. 

Before  directing  the  reader's  attention  to  the  several  examples  of  bridges 
which  have  been  collected  for  this  work,  I  would  beg,  first,  to  recount  the 
more  prominent  points  for  consideration  in  designing  such  structures ;  and 
secondly,  to  present  a  simple  classification  of  the  several  varieties  under  which 
they  may  be  arranged,  according  to  the  circumstances  of  each  case.  It  would, 
of  course,  be  equally  beyond  the  pretensions  of  this  descriptive  sketch,  and 
supererogatory  as  dedicated  to  the  use  of  the  Corps  of  Royal  Engineers,  to 
attempt  any  exposition  of  the  theory  of  bridge  building  ;  but  a  brief  outline  of 
the  several  points  of  practical  importance  will,  it  is  presumed,  serve  to  facilitate 
the  arrangements  of  the  engineer,  and  may  save  the  trouble  of  further  reference. 
According  to  the  order  adopted  at  the  head  of  this  Section,  we  have  first  to 
regard 

Retaining  Walls. — The  only  cases  in  which  artificial  retaining  walls  appear 
desirable  are  those  in  which  it  is  actually  or  nearly  impossible  to  interfere  with 
the  surface,  which  would  otherwise  be  required,  in  order  to  substitute  cutting 
or  embankment  at  the  natural  slope  of  the  material  of  which  they  may  be 
composed.  Many  instances  are  recorded  of  the  failure  of  these  structures, 
which  has  commonly  resulted  from  the  saturation  and  consequent  swelling 
of  the  earth  behind  them  ;  and  these  effects  have  occurred  frequently,  despite 
the  most  judiciously  selected  forms  and  materials,  and  the  best  attainable 
system  of  back  drainage.  Indeed,  unless  the  material  be  adapted  to  stand  by 
itself,  be  thoroughly  impervious  to  water,  or  so  completely  drained  that  very 
little  reaches  the  back  of  the  wall,  it  is  certain  that  this  uncontrollable  agent 
will  make  its  way  through  the  work,  and  produce  sooner  or  later  the  disastrous 
consequences  which  have  already  marred  the  designs  of  railway  engineers. 

As  applicable  to  cuttings,  artificial  retaining  walls,  unless  they  can  be  con- 
structed under  most  favourable  circumstances,  are  best  secured  by  arches 
thrown  between  them,  or  by  other  intermediate  resistances,  which  are  required 
to  act  as  abutments  between  the  two  walls,  and  jirevent  their  forward  move- 
ment towards  each  other.  With  this  addition,  it  is  evident  that  the  structure 
becomes  a  bridge,  or  nearly  assimilates  to  one,  and  is  palpably  inapplicable  to 
very  long  walls,  except  at  a  tremendous  cost. 

As  applied  to  the  feet  of  embankments,  where  the  material  is  of  that  cohesive 
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but  slippery  nature  that  a  simultaneous  movement  of  the  entire  mass  may  be 
apprehended,  low  and  strong  retaining  walls  are  useful,  and  present  frequently 
a  judicious  expedient,  although  in  many  cases  less  advisable  than  piling  or 
wattling.  As  protections  against  the  sea,  retaining  walls  to  cover  the  lower  or 
entire  face  of  the  embankment  aftbrd  the  best  means,  although  frequently  very 
expensive,  of  securing  the  stability  of  the  work ;  but  in  all  such  and  other  cases, 
if  any  thing  more  than  a  mere  breakwater  or  rude  collection  of  heavy  stones, 
the  wall,  sloping  back  to  the  embankment,  becomes  rather  a  facing  of  masonry 
than  an  independent  construction,  and  contributes  to  the  stability  of  the  work 
only  by  its  artificial  cohesiveness  and  greater  weight.  Applied  to  the  entire 
height  of  embankments  formed  to  a  steeper  slope  than  that  at  which  they 
would  stand  independently,  retaining  walls  may  be  considered  never  advisable, 
and  would  be  infinitely  better  abandoned  for  a  cheap  construction  of  viaduct. 

When  their  adoption,  however,  becomes  imperative,  the  stability  of  retaining 
walls  will  depend  upon  the  nature  of  the  soil  behind  them,  and  the  means 
taken  for  its  drainage ;  and  upon  the  form  of  wall  adopted,  and  the  manner 
and  materials  of  its  construction. 

The  amount  and  kind  of  pressure  of  the  earth  against  the  wall  which  retains 
it  are  evidently  affected  by  the  angle  of  repose,  or  natural  slope  of  the  earth ; 
also  by  the  quantity  of  moisture  it  will  imbibe,  the  proportion  of  this  which  it 
will  retain,  the  extent  to  which  its  absorption  of  water  will  cause  expansion  of 
the  mass,  and  by  other  circumstances. 

The  natural  slopes  of  some  kinds  of  earth  have  been  obser%-ed  experimentally, 
and  are  thus  recorded. 

1.  Fine  dry  sand 35°  30' 

2.  Gravel  (dr)-  ?) 37° 

3.  Loose  shingle,  perfectly  dry 39° 

4.  Common  earth,  pulverized  and  dry    ....  46°  50' 

5.  Ditto,  slightly  damp 54° 

6.  Earth,  the  most  dense  and  compact   ....     55° 

Of  these  results.  No.  1  is  the  mean  of  experiments  recorded  by  Rondelet, 
Barlow,  and  Hope;'  No.  2  is  on  the  authority  of  Lieut.  Hope;  No.  3  is 
recorded  by  General  Pasley ;  Nos.  4  and  5  by  Rondelet ;  and  No.  6  by 
Barlow. 

According  to  the  specific  gravity  of  these  substances,  it  appears  that  the 

'  '  On  the  Pressure  of  Earth  against  Revetments,'  by  the  late  Lieut.  Hope.  Professional  Papers, 
vol.  vii.  art.  si. 
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weight  of  the  triangular  section  (one  foot  thick),  which  is  bounded  by  the 
vertical  back  of  a  wall  10  feet  high,  a  horizontal  line  level  with  the  top  of  it, 
and  the  natural  slope  of  the  material,  will  be  about  as  follows : 

1.  Sand fiSOOfts. 

2.  Gravel 6350 

3.  Shingle 8600 

4.  Earth,  dry 4800 

5.  Ditto,   damp        3700 

6.  Ditto,   dense        3580 

Tlie  mere  weight  of  earth  to  be  sustained  thus  appears  to  vary  very  widely 
according  to  its  constitution  and  state  of  dryness  or  moisture ;  but  this  com- 
parison of  weights,  forming  only  one  element  of  the  calculation,  does  not 
furnish  any  estimate  of  the  actual  resistance  which  the  wall  is  required  to  exert. 
This  will  evidently  be  reduced  by  the  cohesion  of  the  moving  mass,  and  by  the 
friction  between  this  mass  and  the  natural  slope  of  that  portion  which  would 
remain  stationary  in  the  absence  of  the  wall ;  but,  on  the  other  hand,  it  is 
increased  in  a  great  degree  by  the  action  of  water  within  not  only  this  moving 
mass,  but  also  the  otherwise  quiescent  mass  beneath  it. 

In  a  state  of  perfect  dryness,  and  disregarding  the  withholding  effect  of 
cohesion  and  friction,  the  maximum  power  required  in  the  wall  would  be 
represented  by  the  actual  weight  of  the  retained  earth,  supposing  this  weight 
to  act  against  the  vertical  plane  of  the  wall  with  the  same  force  that  it  would 
exert  upon  a  horizontal  plane  that  supported  it.  And  the  power  thus  required 
in  the  wall  might  be  immediately  calculated  for  each  section  of  its  altitude ; 
but  the  moment  that  water  is  introduced  within  the  retained  material,  a  multi- 
tude of  other  considerations  arise,  which  no  theory  has  yet  furnished  the  means 
of  estimating,  and  which  require  a  series  of  experiments  to  enable  us  to  pre- 
determine with  any  chance  of  accuracy. 

Upon  the  methods  of  draining  retaining  walls,  reference  may  be  made  to  the 
account  of  the  Blisworth  cutting,  given  in  the  second  Section  of  this  Paper  ;'^ 
also  to  the  description  of  the  mode  of  repairing  the  walls  of  the  London  and 
Birmingham  Railway,  contained  in  the  seventh  volume  of  the  Professional 
Papers.* 

Among  the  various  considerations  to  be  entertained  in  the  designing  ol 
retaining  walls,  tliat  of  the  influence  of  season  should  not  be  disregarded.  A 
wall  built  during  a  dry  season,  or  after  a  long  drought,  will  incur  an  augmented 

'  Vol.  vii.  page  140.  ^  .Art.  xv.  pnge  160. 
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pressure  when  the  earth  becomes  saturated  with  water ;  and  on  the  other  hand, 
if  built  during  a  wet  season,  and  backed  up  with  wet  earth,  it  will  be  subject  to 
a  shrinking  away  of  this  backing  when  subsequently  drained.  The  engineer 
can  provide  against  injury  from  these  circumstances  only  by  making  the  wall 
as  far  as  possible  self-supporting,  so  that  any  retiring  of  the  earth  behind  shall 
not  endanger  its  stability  ;  and  at  the  same  time,  offering  every  facility  for  the 
water  to  find  its  way  through  the  wall,  and  for  discharging  it  thence  into  the 
foundation  drains.  The  most  perfect  wall  would  be  that  which  should  be 
throughout  its  whole  surface  completely  permeable  by  water,  so  that  no  accu- 
mulation of  that  fluid  could  occur  behind  it,  and  which  should  yet  effectually 
retain  the  particles  of  earth.  Upon  such  a  wall  the  effect  of  the  earth  would  be 
reduced  into  that  of  its  mere  weight,  and  experiments  would  be  needed  only  to 
determine  the  best  arrangement  of  bricks  and  mortar,  or  other  materials,  for 
resisting  this  action. 

As  to  the  best  and  most  economical  forms  for  these  walls,  we  are  enabled  to 
describe  some  which  have  been  constructed,  and  have  fulfilled  the  purpose  of 
their  construction,  and  we  may  also  refer  to  the  objections  against  some  forms 
which  have  been  suggested  and  adopted ;  but  on  this  part  of  the  subject  expe- 
riments are  also  much  wanted,  and  under  this  conviction,  all  must  regret  the 
premature  loss  of  Lieut.  Hope,  whose  skilful  labours  in  this  department  pro- 
mised so  many  valuable  results  to  civil  as  well  as  to  military  engineering. 

Of  plane  walls,  five  different  forms  have  been  constructed :  first,  having 
vertical  faces ;  second,  having  one  vertical  and  one  inclined  face,  converging 
towards  the  top,  and  presenting  either  of  these  surfaces  to  the  retained  earth ; 
third,  having  both  faces  inclined,  and  converging  towards  the  top ;  fourth, 
having  one  vertical  face,  the  other  inclined  and  converging  towards  the  bottom  ; 
fifth,  having  its  faces  inclined  and  parallel. 


Each  of  these  forms  is  sometimes  varied,  by  curving  the  inclined  lines  :  then, 
the  second  form  will  present  a  concave  surface  to  the  retained  material,  or 
otherwise  a  concave  exterior  surface ;  the  third  will  have  a  concave  surface 
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towards  the  earth,  and  either  a  concave  or  a  plane  inclined  exterior  surface  ; 
the  fourth  form  will  have  a  convex  surface  against  the  earth,  and  a  plane 
vertical  surface  externally;  and  the  fifth  form  will  present  a  convex  surface  to 
the  earth,  and  a  concentric  concave  surface  externally. 

Of  these  forms,  the  first  three  are  evidently  adapted  to  stand  alone ;  while 
the  fourth  and  fifth  will  depend  for  their  stability  partly  upon  the  outward 
thrust  which  the  retained  material  will  exert  against  them. 

It  is  frequently  found  that  the  middle  or  upper  part  of  a  retaining  wall  fails 
first,  and  will  be  thrust  some  inches  forward,  while  the  lower  part  of  the  wall 
remains  iirm.  This  occurrence,  which,  considering  the  greater  weight  opposed 
to  the  low'er  part  of  the  wall,  cannot  be  attributed  to  the  mere  weight  of  the 
earth,  is  probably  owing  partly  to  the  superior  strata  being  less  dense,  and 
therefore  more  rapidly  saturated  with  water  than  the  lower  strata.  This  would 
lead  to  the  necessity  of  providing  especially  for  the  complete  surface  drainage 
of  the  retained  district. 

In  other  instances  of  defect,  the  whole  wall  is  moved  bodily  forward,  and 
sometimes  with  very  little  fracture.  This  was  the  case  with  a  portion  of  the 
wall  built  on  the  line  of  the  Birmingham,  Bristol,  and  Thames  Junction 
Railway,  which  for  a  length  of  40  or  50  yards  was  pushed  forward  off'  the 
foundation,  to  a  distance  of  8  or  10  feet,  the  wall  still  standing.  This  failure 
was  pronounced  by  Mr.  Vignoles,  who  examined  the  works  at  the  time,  to 
have  resulted  from  the  accumulation  of  water,  which,  "  having  no  outlet,  had 
settled  the  earth  against  the  back  of  the  retaining  wall,  turning  the  clay  into 
mud,  and  by  the  great  additional  weight  forcing  it  into  the  position  in  which  it 
then  appeared."* 

There  is  no  doubt  that  the  ultimate  stability  of  retaining  walls  is  affected  by 
tlie  state  of  dryness  of  the  masonry  when  the  earth  is  filled  in  behind  it ;  and 
also  by  the  manner  in  which  this  filling  in  is  conducted. 

Upon  the  latter  subject  some  valuable  remarks  were  made  by  Mr.  J.  B. 
Hartley,  in  a  Paper  read  before  the  Institution  of  Civil  Engineers,  in  the  session 
of  1841.  From  an  abstract  of  that  Paper,  published  in  the  C.  E.  and  A. 
Journal,  (vol.  iv.  p.  395,)  the  following  may  be  usefully  quoted. 

"  The  author  considers  the  method  of  filling  toiriirds  the  wall  from  the 
natural  bank  to  be  highly  objectionable ;  the  material  lies  in  strata  at  the  angle 
at  which  the  deposit  is  made ;  as  the  quantity  increases,  the  subsidence  com- 
■*  Civil  Engineer  and  Architect's  Journal,  vol.  v.  page  93. 
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mences,  and  the  earth  shdes  downwards,  throwing  its  whole  weight  against  the 
back  of  the  wall.  The  tendency  to  slide  is  frequently  accelerated  by  the  natural 
form  of  the  ground  upon  which  the  earth  is  thrown,  as  it  not  unfrequently 
inclines  towards  the  wall,  in  which  case  the  pressure  will  necessarily  be  in 
proportion  to  the  inclination  of  the  slope,  and  the  nature  of  the  material  of 
which  the  filling  is  composed.  The  wall  at  Hunt's  Bank,  on  the  river  Irwell, 
is  instanced  as  a  failure  of  this  description.  The  wall,  about  100  feet  in  length, 
and  20  feet  in  height,  5  feet  thick  at  the  bottom,  and  3  feet  6  inches  at  the  top, 
built  of  ashlar  masonry,  strengthened  by  counterforts,  was  forced  into  the 
stream  by  the  pressure  of  the  earth  behind  it.  With  proper  attention  to  the 
manner  of  filling  in  the  different  materials,  a  comparatively  slight  wall  may  be 
constructed  to  sustain  a  considerable  weight  of  backing.  The  author  lays  down 
as  a  rule,  that  wherever  it  is  practicable,  all  filling  behind  walls  should  be 
commenced  at  the  wall,  and  be  proceeded  with  from  thence  towards  the  solid 
ground,  by  which  means  the  strata  would  be  inclined  in  a  similar  direction : 
ledges  or  benches,  either  level  or  inchned  in  an  opposite  direction  to  that  of  the 
bank,  should  be  cut  in  the  solid  ground  to  receive  the  filling,  and  counteract  its 
tendency  to  slide.  The  weight  should  not  be  laid  too  quickly  upon  a  new  wall ; 
and  if  with  these  precautions  care  be  taken  that  the  counterforts  are  constructed 
simultaneously  with,  and  well  tied  into,  the  wall,  a  comparatively  weak 
structure  will  bear  a  heavy  mass  of  filling. 

"  The  author  gives  as  an  example  the  retaining  wall  constructed  on  the  west 
side  of  Jackson's  Dam,  near  the  Brunswick  Graving  Docks,  Liverpool.  This 
wall,  although  built  of  slight  dimensions,  and  filled  behind  with  material  of  the 
worst  description,  resisted  perfectly  all  strain  :  this  could  only  be  attributed  to 
the  filling  having  been  gradually  done  in  the  manner  which  the  author's  prac- 
tice leads  him  so  strongly  to  recommend." 

Reverting  to  the  forms  for  retaining  walls,  it  may  be  remarked  that  a  pre- 
ference has  been  shown  towards  the  fifth,  w-ith  some  little  modification.  By 
railway  engineers  this  form  is  usually  reduced  in  thickness  at  the  top,  by  steps 
on  the  inner  face.  The  experiments  made  at  Dublin,  under  the  direction  of 
Sir  J.  Burgoyne  and  the  Board  of  Public  Works  of  Ireland,  are  quoted  by 
Mr.  Vignoles  as  fully  proving  that  the  "parallel  battering-wall"  is  the  one 
which  offers  the  most  support,  with  the  least  quantity  of  material.  And  one  of 
the  results  deducible  from  the  experiments  instituted  by  the  late  Lieut.  Hope, 
at  Chatham,  is  in  favour  of  the  "  leaning  w'all  with  counterforts."    Lieut.  Hope 
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"  conceived  that  the  face  of  the  revetment  might  be  a  mere  shell,  hardly 
exposed  to  any  pressure,  the  earth  being  chiefly  supported  by  its  friction 
against  the  sides  of  thin  but  frequent  counterforts."  ^ 

These  results  cannot  however  be  admitted  as  conclusive  against  the  several 
other  forms  which  have  been,  in  some  instances,  adopted.  Thus  the  second 
form  appears  well  adapted  for  stabihty,  and  has  the  advantage  of  an  enlarged 
section  below,  and  a  reduced  one  above,  from  the  same  amount  of  materials  as 
No.  5.  Again,  the  third  form  appears  to  be  very  strong,  and  well  adapted  to 
escape  injury  from  any  extra  pressure  resulting  from  the  absorption  of  water 
by  the  retained  bank. 

But  it  must  be  observed  of  the  first,  second,  and  third  sections,  that  the 
inner  face  of  all  of  them  departs  more  widely  from  the  natural  slope  of  the 
earth,  and  therefore  sustains  a  greater  pressure  than  the  inner  face  of  section 
No.  5.  Section  No.  1  is  evidently  inferior,  by  reason  of  its  uniform  thick- 
ness, which  must  be  either  excessive  at  the  upper,  or  deficient  at  the  lower, 
part  of  the  wall.  This  defect  of  uniform  thickness  is  partly  compensated  in 
No.  5  by  its  inclined  position,  which  gives  it  a  tendency  to  fall  back  upon  the 
earth,  and  thus  resist  its  pressure. 

The  value  of  this  fifth  form  of  retaining  wall  appears  to  arise  from  the  line  of 
direction  being  thrown  beyond  the  centre  of  the  base,  thus  giving  a  pre- 
ponderating weight  within  this  line,  the  effect  of  which  weight  increases  in 
proportion  to  the  height  of  the  wall  and  its  divergence  from  the  perpendicular. 
The  angle  of  this  divergence  remaining  the  same,  the  height  may  be  supposed  to 
be  reduced  till  the  line  of  direction  falls  within  the  base,  and  the  active  weight 
of  the  wall  becomes  reduced  to  nothing;  or,  on  the  other  hand,  the  height 
may  be  supposed  to  be  increased  until  this  active  weight  shall  equal  any 
pressure  of  the  retained  earth.  And  this  consideration  will  perhaps  partly 
account  for  some  of  those  instances  of  movement  in  the  middle  or  upper  part 
of  retaining  walls  thus  formed,  which  are  well  known  in  practice,  and  which 
we  have  already  had  occasion  to  notice.  In  these  cases  we  may  imagine,  that 
unless  the  construction  of  the  wall  is  such  as  to  insure  a  superior  cohesion 
among  its  parts,  tiie  upper  part  of  the  wall  will  have  a  tendency  to  fall  back- 
ward, while  the  lower  part  i,of  which  the  line  of  direction  falls  within  its  base) 
will  have  no  such  tendency.  The  upper  part,  obeying  this  tendency,  becomes 
dislocated  from  the  lower,  and  will  be  forced  forward  by  the  pressure  behind  it. 
'  Professional  Papers,  vol.  vii.  paige  86. 
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The  great  importance,  in  works  of  this  class,  of  judicious  construction,  not 
onlj'  in  design,  but  also  in  practical  execution,  will  justify  the  introduction  of  a 
few  hints  upon  brick -work  and  bonding  generally,  especially  as  in  all  considera- 
tions upon  those  works  we  have  to  assume  the  perfect  cohesion  and  entire 
rigidity  of  their  parts  ;  and  our  conclusions  will,  therefore,  be  the  more  fallacious 
in  proportion  as  these  conditions  are  neglected  and  non-realized  in  practice. 

In  the  first  place,  the  arrangement  of  the  bricks  should  be  that  known  as 
English  bond;  viz.,  one  course  of  headers  and  one  of  stretchers  alternately. 
The  bonding  of  the  plain  part  of  the  wall  should  be  secured  by  introducing  a 
half  brick  for  every  alternate  outside  header  on  both  sides  of  the  wall,  so  as  to 
connect  the  outside  headers  with  the  bricks  in  the  interior  of  the  same  course. 
At  every  fourth  course,  or  thereabouts,  three  or  four  bands  of  iron  hooping, 
laid  parallel,  and  bedded  in  the  joints,  assist  the  bond.  At  each  returning  wall 
or  counterfort,  quarter  bricks  are  required,  in  order  to  avoid  straight  joints  on 
the  face  of  the  wall,  and  preserve  the  bonding  at  these  angles.  In  all  battering 
walls  it  is  especially  necessary  to  insist  upon  narrow  joints  perfectly  filled  with 
mortar,  and  truly  pointed.  This  is  the  only  means  of  guarding  against,  or 
rather  deferring,  that  penetration  by  wet  and  frost  which  is  so  detrimental  to 
the  stabihty  of  the  work.  The  bricks,  too,  should  be  thoroughly  wetted  before 
and  during  the  setting,  so  as  to  detect  any  injurious  quantity  of  limestone 
which  may  exist  within  them,  and  also  to  cleanse  them  and  render  the  mortar 
thoroughly  adhesive.  In  all  cases  the  work  should  be  brought  forward  simul- 
taneously, or  as  nearly  so  as  possible,  throughout  the  whole  length  in  hand, 
otherwise  the  shrinkage  which  invariably  occurs  will  be  unequal,  and  produce 
internal  dislocations  of  the  wall,  which  will  accelerate,  if  not  produce,  ultimate 
failure.  Similarly,  all  counterforts  must  be  erected  along  with  the  wall  itself, 
for  all  subsequent  connections  of  these  parts  will  be  necessarily  imperfect. 

The  concrete  and  lower  courses  of  brick-work  or  footings  should  be  deeply 
notched  into  the  solid  ground  on  the  inner  side  of  the  wall.  If  this  be  care- 
fully observed,  and  all  spaces  in  the  excavation  or  trench  cut  for  putting  in  the 
foundations  be  well  rammed,  no  movement  of  the  foundation  can  take  place 
without  it  be  actually  lifted  to  the  extent  of  its  entire  depth,  or  without 
crushing  the  solid  ground  before  it.  In  a  similar  manner,  all  the  courses  of 
brick-work  should  have  a  dip  downwards  from  the  outside  face  of  the  wall,  and, 
in  short,  every  possible  means  be  adopted  of  connecting  the  entire  mass  of  wall 
and  foundations  indissolubly  together. 
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All  reductions  in  thickness  should  be  made  in  steps,  keeping  the  inter- 
mediate sections  of  the  wall  parallel ;  for  if  any  attempt  be  made  to  reduce  by- 
tapering  lines,  the  restriction  to  proper  sized  bricks  and  parts  of  bricks  is 
necessarily  disregarded  :  bats,  and  pieces  of  every  variety,  size,  and  shape,  are 
thrust  in,  so  as  to  preserve  the  outside  lines  only ;  and  good  bonding  and 
narrow  joints  are  alike  unheeded.  And  this  forms  a  great  practical  superiority 
of  the  fifth  form  of  wall  over  the  second,  third,  and  fourth.  The  fourth 
section,  indeed,  is  otherwise  so  objectionable,  that  it  can  be  selected  only 
under  the  absolute  necessity  of  preserving  a  vertical  face,  and  a  back  inclined 
towards  the  natural  slope  of  the  retained  earth. 

A  practical  rule  for  a  section  of  retaining  wall  which  has  in  many  cases 
proved  sufficient,  and  has  yet  been  deemed  economical,  is  as  follows : — let 
the  batter  equal  one-sixth  of  the  vertical  height  of  the  wall ;  the  thickness 
of  wall  at  the  bottom  equal  one-fifth  of  this  height,  and  the  thickness  at 
top  one-tenth  the  height,  or  one-half  the  thickness  at  bottom :  and  for  the 
reducing  of  the  thickness,  divide  the  entire  height  into  as  many  equal  parts, 
plus  one,  as  there  are  half  bricks  in  the  difference  between  top  and  bottom  thick- 
ness. Thus  a  wall  30  feet  high  will  batter  5  feet,  be  6  feet  thick  at  bottom, 
3  feet  at  top,  and  be  divided  into  nine  different  thicknesses,  each  4j  inches 
less  than  the  lower  adjoining  one,  and  each  3  feet  4  inches  in  height,  measured 
vertically.*  Under  ordinary  circumstances,  however,  economy  of  material  may 
perhaps  be  effected,  or  greater  stability  be  secured,  by  reducing  this  thickness, 
and  introducing  small  counterforts  at  frequent  intervals. 


BRIDGES,    AND    VIADUCTS. 

During  the  development  of  the  railway  system  in  Britain,  the  economy 
of  bridge  building  has  necessarily  received  much  attention,  and  has  been 
illustrated  by  a  multitude  of  structures,  exhibiting  many  varieties  of  design 
and  of  material.  That  this  vast  experience  has  led  to  substantial  improve- 
ments and  to  saving  in  cost,  may  be  inferred  from  the  fact,  that  in  many  cases 
bridges  and  viaducts  of  great  extent  are  now  adopted  in  preference  to  mere 

*  This  wall  appears  very  light :  a  mean  thickness  of  one-fifth  of  the  height,  or  ti  feet, 
would  be  the  minimum  I  should  like  to  trust ;  and  this  would  give  the  base  9  feet  wide  instead 
of  6  feet.— W.D. 
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earth-works, — a  long  viaduct  being  now  available  at  less  cost,  original  and 
current,  than  an  embankment  of  similar  extent ;  whereas,  in  the  early  expe- 
rience of  railwa)'  making,  it  is  well  remembered  that  the  most  expensive  earth- 
work was  almost  invariably  adopted,  both  for  economy  and  ultimate  sufficiency, 
in  preference  to  any  description,  then  approved,  of  bridge-work. 

In  this  sketch  it  is  presumed  that  bridges  and  viaducts  may  be  treated  under 
the  one  common  head, — bridges, — and  with  no  attempt  to  distinguish  between 
them,  the  one  being  deemed  only  a  more  extended  form  of  the  other. 

The  several  cases  in  which  bridges  are  required  in  railway  works,  and  which 
may  be  judiciously  treated  with  difference  of  design,  of  dimensions,  and  of 
materials,  are  intended  to  be  indicated  by  the  eight  figures  in  Plate  XXV. 
These  are  arranged  in  two  classes,  headed  A  and  B ;  the  one  including  bridges 
under  the  railway  ;  the  other,  bridges  over  the  railway.  Each  class  comprehends 
four  cases,  viz.  :  First,  where  the  levels  of  railway  and  of  common  road  crossing 
are  originally  coincident.  Second,  where  they  differ  just  so  much  as  will 
suffice  for  headway  under  the  arch.  Third,  where  they  differ  to  any  great 
extent  beyond  the  required  headway ;  and.  Fourth,  where  they  differ  less  than 
the  required  height. 

In  the  eight  figures  on  Plate  XXV.,  it  should  be  observed  that  L.R.  signify 
level  of  rails  ;  O.  S.,  original  surface ;  and  A.  S.,  altered  surface. 

In  the  first  case,  the  required  crossing  may  be  obtained  either  by  cutting 
deep  enough  to  get  height  for  the  common  road  traffic  below  the  railway, 
and  cutting  inclined  approaches,  thus  lowering  the  road  level ;  or  it  may  be 
obtained  by  elevating  the  road  level,  throwing  a  bridge  over  the  line,  and 
making  embanked  approaches  to  the  summit  of  the  bridge.  If  the  selection 
between  these  be  within  the  engineer's  power,  several  considerations  will  occur. 
As  regards  earth-work,  the  one  design  will  produce  nearly  the  same  quantity 
of  material  that  the  other  will  consume;  the  one  or  the  other  will  therefore 
be  desirable,  according  as  there  may  be  a  deficiency  or  excess  of  earth  in  the 
adjoining  parts  of  the  line.  In  economy  of  brick-work,  the  bridge  in  cutting 
has  the  advantage,  as  the  footings  require  to  be  sunk  only  18  inches  or  2  feet 
below  the  slope;  while  the  bridge  in  bank  (as  shown  at  B,  fig.  1)  will  require 
the  abutments  so  much  below  the  original  surface.  The  latter  will  also  require 
fences  on  the  approaches,  which  the  former  will  not.  On  the  other  hand,  the 
bridge  in  cutting  will  involve  more  expense  in  drainage  than  the  bridge  in 
bank  ;  and  this  consideration  must  be  entertained  with  full  regard  to  the  com- 


96  RAILWAYS. 

parative  levels  of  the  surrounding  districts,  and  will  frequently  be  found  to 
outweigh  all  the  other  advantages  of  the  sunk  bridge.  In  either  bridge,  wing 
walls  may  be  well  disjiensed  with ;  the  abutments  should  be  allowed  to  cut 
into  the  bank  or  the  slope,  and  be  lightened  as  much  as  possible  by  side 
arches  and  by  arched  openings,  with  inverts  in  the  cross  section. 

In  the  second  case,  the  road  crossing  is  supposed  to  be  required  at  a  point 
where  the  railway  is  either  in  an  embankment  of  about  16  feet  high,  or  a 
cutting  of  about  16  feet  deep.  In  either  instance,  the  best  structure  will  be 
obtained  by  adopting  a  bridge  with  parapets  parallel  throughout,  or  very 
slightly  diverging  from  each  other  at  each  end  ;  by  making  it  sufficiently  long 
to  allow  easy  slopes  for  the  banks,  an  ample  width  of  road,  and  for  the  abut- 
ments to  cut  well  into  the  slopes  on  each  side ;  thus  dispensing  altogether  with 
wing  or  retaining  walls,  which  are  always  expensive,  and  seldom  secure. 

In  the  third  case,  where  the  difference  of  levels  is  very  considerable,  and  an 
extended  structure  or  viaduct  is  required,  economy  of  construction  becomes 
additionally  important.  A  reduced  width  of  viaduct,  so  as  to  provide  for  one 
line  of  rails  only,  has  been  sometimes  recommended  ;  but  this  is  a  kind  of 
economy  which  can  be  justified  only  under  peculiar  circumstances,  and  which 
may  be  productive  not  only  of  much  inconvenience  and  hindrance,  but  of 
greater  ultimate  expense  than  the  double  width  would  at  first  involve. 

For  structures  of  this  magnitude,  the  sufficiency  of  foundation  is  of  the  first 
importance ;  the  greater  altitude  not  only  imposes  greater  weight  of  materials 
to  be  supported,  but  also  evidently  requires  that  the  cohesion  of  the  foundations, 
and  indeed  of  the  whole  structure,  be  more  perfect,  as  any  defect  or  dislocation 
is  more  likely  to  occasion  extensive  mischief  in  proportion  as  the  height  is 
iacreased.  If  gravel  or  chalk  can  be  reached,  with  a  good  bed  of  concrete 
nothing  need  be  apprehended  ;  but  if  loam,  sand,  or  bog  occurs,  piling  is  found 
the  better  expedient.  Upon  a  good  foundation,  ])iers  and  arches  may  be  con- 
structed of  a  light,  yet  sufficient  and  economical  character.  The  late  use  of 
timber  for  works  of  this  class  has  much  reduced  their  cost ;  but  experience  has 
not  yet  been  had  which  would  warrant  the  assertion,  that  the  expense  of 
current  repairs  may  not,  in  some  instances,  outweigh  the  economy  in  first  cost. 
The  prominent  advantages  of  timber  lor  works  of  this  class,  as  applied  in  the 
timber-arched  bridges,  are, — the  large  spans  which  may  be  adopted,  thus  reducing 
the  number  of  piers  retjuired, — the  comparative  lightness  of  the  whole  structure, 
— and  the  facihty  and  rapidity  of  erection.     Much  less  scaffolding  is  needed  in 
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building  these  timber  bridges  than  in  building  those  of  masonry ;  less  time  is 
required  for  the  consolidation  of  the  materials ;  and  in  most  districts,  timber, 
and  workmen  for  fashioning  it,  are  so  much  more  readily  and  cheaply  pro- 
curable than  stone  or  bricks,  and  masons,  that  some  overwhelming  objection 
must  be  proved  in  order  to  justify  the  abandonment  of  the  former  material. 
This  objection  has  been  foreseen  by  some  persons  in  the  anticipated  rapidity  of 
decay  of  some  of  the  parts  of  timber  bridges,  and  in  the  difficulty  of  replacing 
such  parts,  and  effecting  the  necessarj'  repairs. 

In  the  district  between  Newcastle  and  North  Shields,  two  viaducts  have  been 
constructed  of  timber  by  the  Messrs.  Green,  the  total  cost  of  which  was  about 
£  48,000 ;  and  it  has  been  estimated  that  the  saving  effected  by  using  timber 
instead  of  stone  amounted  to  £14,000.  In  one  of  these  viaducts,  that  over  the 
Ouse  Burn,  Mr.  B.  Green  states  the  amount  saved  was  £9000.  Mr.  Mitchell, 
who  about  sixteen  years  ago  erected  a  timber  bridge  over  the  Spey,  having  one 
arch  of  100  feet  span ;  and  subsequently  another  having  two  arches  of  100  feet 
span  each,  with  stone  abutments  and  piers ;  and  a  third  across  the  Dee,  of  five 
arches  of  75  feet  span  each,  with  timber  piers, — ^ states  that  timber  bridges  are 
one-third  less  expensive  than  those  of  masonrj- ;  and  if  built  with  timber  piers, 
as  in  that  one  over  the  Dee,  the  saving  amounts  to  one-half.  Mr.  Mitchell 
further  states  the  period  of  their  duration  to  be  from  30  to  40  years,  but  does 
not  furnish  data  for  estimating  expense  of  current  repairs.  Mr.  Vignoles  com- 
pares the  Ribble  viaduct,  on  the  North  Union  Railway,  with  a  timber  viaduct. 
The  former,  he  states,  cost  £  60  per  lineal  foot,  while  the  latter  would  cost  only 
£20  per  hneal  foot;  the  Ribble  viaduct  being  only  50  feet  high,  with  five 
arches  of  120  feet  span,  and  the  timber  viaduct  100  feet  high,  with  arches  of 
130  feet  span,  the  width  of  roadway  in  both  cases  being  28  feet.  These  com- 
parisons of  cost  depend,  however,  so  much  on  the  relative  facihties  for  procuring 
and  working  each  material  respectively,  that  no  general  estimate  can  be  offered 
of  the  advantage  to  be  gained  in  this  respect  by  the  adoption  of  either. 

The  particular  construction  of  timber  bridge  referred  to  already  as  having 
been  apphed  upon  the  Newcastle  and  North  Shields  Railway,  was  described  by 
Mr.  B.  Green,  in  a  Paper  read  before  the  Institution  of  Civil  Engineers,  in 
March,  1841.  Two  viaducts  have  been  mentioned,  built  by  the  Messrs.  Green, 
described  severally  as  the  "Ouse  Burn"  and  the  "  Willington  Dean."  Mr. 
Green's  Paper  referred  particularly  to  the  former  viaduct :  Plate  XXXII.  exhibits 
in  detail  the  construction  of  the  arches  and  piers  of  the  latter,  but  as  both 
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viaducts  are  exactly  similar,  with  only  trifling  differences  of  dimensions,  the 
following  abstract  of  Mr.  Green's  description  will  be  equally  illustrated  by 
the  same  Plate. 

"  Mr.  John  Green,  in  the  year  1827,  made  a  design  and  model  for  a  bridge, 
with  timber  arches  resting  upon  stone  piers.  In  1833  the  plan  was  adopted, 
and  in  1837  it  was  put  into  execution  at  the  Ouse  Burn  viaduct,  where  the 
construction  was  of  great  extent,  and  the  cost  was  an  important  consideration. 
The  viaduct  is  918  feet  in  length,  and  108  feet  in  height  from  the  bed  of  the 
river.  There  are  five  arches,  the  versed  sine  33  feet,  and  the  radius  68  feet ; 
three  of  them  are  116  feet  span  each,  and  two  are  114  feet  each:  two  stone 
arches,  of  40  feet  span  each,  have  been  introduced  at  each  end,  to  give  length 
to  the  abutments,  and  to  prevent  the  embankments  from  being  brought  too 
near  to  the  steep  sides  of  the  ravine.  The  piers  are  of  stone :  the  springing 
stones  for  the  three  ribs,  of  which  each  arch  is  composed,  are  on  offsets,  within 
40  feet  of  the  top  of  the  piers ;  cast  iron  sockets  are  there  bedded  in  the 
masonry,  and  secured  so  as  to  receive  the  feet  of  the  ribs.  Two  of  the  piers  are 
placed  upon  piles  ;  the  others  are  founded  upon  the  rock  :  immediately  beneath 
the  centre  of  one  of  them  an  old  coal-pit  shaft  was  discovered,  and  close 
adjoining  to  it  the  remains  of  the  working  of  a  coal  seam  :  both  were  rendered 
secure  by  being  filled  up  with  grouted  rubble  masonr}'.  The  ribs  for  the  arches 
are  composed  of  planks  of  Dantzic  deal  (Kyanized) :  the  lengths  vary  from 
46  feet  to  20  feet,  by  1 1  inches  wide  and  3  inches  thick :  they  are  so  disposed, 
as  that  the  first  course  of  the  rib  is  two  whole  deals  in  width,  the  next  is  one 
whole  and  two  half  deals,  crossing  the  joints  longitudinally  as  well  as  in  the 
depth.  Each  rib  consists  of  fourteen  deals  in  thickness,  bent  over  a  centre  to 
the  required  form,  and  secured  together  by  oak  trenails,  1^  inch  in  diameter, 
at  intervals  of  4  feet  apart,  each  trenail  traversing  three  of  the  deals.  A  layer 
of  strong  brown  paper,  dipped  in  boiUng  tar,  is  placed  between  the  joints,  to  bed 
them  and  exclude  the  wet.  Trussed  framings  and  beams  are  secured  upon 
the  arched  ribs  ;  the  platform,  composed  of  jilanks,  each  1 1  inches  wide  by 
3  inches  thick,  is  spiked  down  and  covered  witii  a  composition  of  boiling  tar 
and  Ume,  mixed  with  gravel  in  laying  on,  forming  a  coating  impervious  to  the 
wet :  upon  this  platform  the  two  lines  of  railway  are  laid,  leaving  a  footpath 
between  them.  The  centering  for  turning  the  ribs  was  very  light  and  simple, 
and  as  every  convenience  was  afforded  by  having  a  railway  with  travelling 
cranes  along  the  sides  of  the  piers,  a  whole  centre  could  be  moved  by  twenty 
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men  from  one  arch,  and  fixed  in  another,  in  one  day."  In  a  conversation 
which  followed  the  reading  of  this  Paper,  Mr.  Rendel  remarked,  that  from 
experience  he  could  not  recommend  either  paper  or  felt  between  the  joints, 
as  therein  described.  "  He  found  that  both  substances  prevented  the  intimate 
contact  of  the  surfaces  of  the  timber ;  in  all  framings  exposed  to  the  action  of 
the  weather,  the  tar  was  absorbed  by  the  wood;  the  paper  and  felt  then 
became  saturated  with  and  retained  the  moisture,  so  that  decay  very  speedily 
ensued.  The  mode  he  at  present  adopted  was  to  have  all  the  joints  and 
mortises  of  the  framings  very  closely  fitted,  leaving  only  sufficient  space  at  the 
edges  to  be  caulked  with  oakum,  and  the  joint  run  with  pitch,  like  the  seams 
of  the  deck  of  a  vessel.  Wherever  it  was  practicable,  great  advantage  would 
result  from  covering  the  joints  with  sheet  lead,  to  exclude  the  moisture  and 
prevent  the  decay,  which  was  the  great  bar  to  the  more  general  use  of  timber 
in  many  engineering  works."  And  Mr.  Macneill  stated  that  he  "had  found 
constant  trouble  to  result  from  the  decay  of  wooden  bridges.  The  Dalmarnock 
bridge,  which  had  been  erected  about  thirty  years,  now  demanded  continual 
repairs ;  the  struts  were  nearly  all  decayed  at  the  point  of  insertion  into  the 
cast  iron  sockets.  The  original  floor  had  been  replaced  by  one  of  teak 
wood."  ® 

As  the  building  of  the  bridge  here  instanced  by  Mr.  Macneill  was  anterior  to 
the  use  of  the  wood-preserving  processes  now  adopted,  it  may  be  questioned 
how  far  any  of  these  processes  might  have  arrested  the  course  of  decay.  It 
may  perhaps  be  also  considered  whether  their  contact  with  the  cast  iron 
sockets  may  have  affected  the  soundness  of  the  struts,  and  if  so,  in  what 
degree. 

Although  a  detailed  examination  of  the  several  methods  which  have  been 
latterly  adopted  for  the  preservation  of  timber  would  be  out  of  place  here,  yet 
a  condensed  notice  of  some  of  them,  and  of  the  observations  recorded  upon 
their  results,  seems  necessary  in  order  to  point  to  the  evidence  on  which  the 
extensive  use  of  this  material  in  railway  viaducts  and  bridges  is  desirable  or 
otherwise.  The  great  economy,  in  first  cost,  of  preferring  timber  to  masonry 
both  for  long  viaducts  of  small  elevation,  and  for  shorter  ones  of  great  height, 
is  so  far  an  established  fact,  that  in  all  cases  where  this  kind  of  economy  is  im- 
perative, no  discretion  will  be  permitted  in  the  choice  of  material,  and  the 

*  Report  in  '  Civil  Engineer  and  Architect's  Journal,'  vol.  iv.  p.  284. 
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greater  question — can  wood  be  so  far  preserved  as  to  make  its  employment 
desirable  with  a  view  to  ultimate  economy  ? — will  be  cast  aside  for  the  minor 
one — how  can  wood  be  the  best  preserved?  But  whichsoever  of  these  ques- 
tions has  to  be  considered,  the  subjoined  evidence  will,  it  is  believed,  be  equally 
useful. 

The  four  processes  which  have  been  most  prominently  brought  before  the 
notice  of  the  profession,  are  those  known  as  Kyan's,  Burnett's,  Bethell's,  and 
Payne's. 

Kyan's  process,  secured  by  patent,  March  31st,  1832,  for  preserving  wood, 
consists  in  immersing  it  in  corrosive  sublimate  or  bichloride  of  mercury,  until 
the  wood  becomes  as  far  as  possible  saturated.  In  the  year  1705,  M.  Homberg 
stated,  before  the  Royal  Academy  of  Sciences  at  Paris,  that  "  a  person  of 
quality  in  Provence,  not  knowing  how  to  preserve  inlaid  work,  from  the  worms 
destroying  it  in  a  few  years,  as  it  frequently  happens  in  that  countiy,  he  had 
advised  him  to  steep  his  inlaid  work  in  water  wherein  corrosive  sublimate  had 
been  mixed,  which  succeeded  very  well."  ^ 

"  In  the  valuable  work  upon  the  dry-rot,  published  by  Mr.  Knowles, 
Secretary  of  the  Committee  of  Inspectors  of  the  Navy  in  1821,  corrosive 
sublimate  is  enumerated  among  the  chemical  substances  which  had  been 
prescribed  for  preventing  the  dry-rot  in  timber ;  and  it  is  well  known  that 
Sir  H.  Dav}-  had,  several  years  before  that  date,  used  and  recommended  to 
the  Admiralty  and  Navy  Board,  corrosive  sublimate  as  an  anti-dry-rot  appli- 
cation." * 

The  process  of  saturation  under  Kyan's  patent  was  carried  on  in  open 
tanks.  Those  erected  for  the  Great  Western  Railway  Company,  at  Bull's 
Bridge,  near  West  Drayton,  were  84  feet  long  and  1 9  feet  wide  at  the  top, 
60  feet  long  and  12  feet  8  inches  wide  at  the  bottom,  and  9  feet  deep.  The 
sides  were  of  American  pine  plank  4  inches  thick,  supported  on  sills  12  inches 
by  10  inches,  and  upright  framing  posts  10  inches  square.  Ten  of  these  posts 
were  fixed  in  the  length  of  the  tank  on  each  side,  with  diagonal  braces  8  inches 
square.  The  tank  was  sunk  in  the  ground,  nearly  level  with  the  surface. 
The  posts  stood  2  feet  above  the  sides,  and  transoms  15  inches  by  12  inches 
were  attached  to  them,  to  keep  the  timber  down  in  the  solution.  Yet  its 
tendency  to  float  was  so  great  that  the  transoms  became  cambered  up  1  h  inch 

'  'Memoirs  of  the  Royal  Academy  of  Sciences  at  Paris,'  from  1699  to  1720.     Vol.  ii.  p.  223. 
*  Ure's  '  Dictionary  of  Arts,"  &c.,  third  edition,  p.  811. 
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in  the  centre,  and  in  one  instance  the  whole  tank  was  disturbed  from  its  seat. 
A  mast  with  a  traversing  boom  was  erected  at  one  end  of  the  tanl<,  and  used  in 
removing  the  timber.^ 

The  solution  used  for  preparing  the  timber  contains  224  lbs.  of  the  corrosive 
subhmate  to  1062  gallons  of  water,  or  about  1  lb.  to  five  gallons.  The  cost  of 
the  process  was  stated,  in  1836,  to  be  twenty  shillings  per  load  of  50  cubic 
feet.  Of  this  twenty  shillings,  one-half  consisted  of  license,  risk,  and  profit, 
and  one-fourth  was  estimated  for  labour  in  filling  and  emptying  the  tank,  and 
unloading.  The  remaining  fourth  part  was  for  cost  of  the  solution.'"  The 
subhmate  was  dissolved  in  hot  water,  and  added  to  the  water  in  the  Great 
Western  tanks  just  described,  and  the  strength  of  the  solution  was  tested  with 
the  hydrometer. 

Subsequently,  attempts  were  made  to  improve  the  efficiency  of  the  solution 
by  forcing  it  into  the  wood,  instead  of  simply  immersing  the  wood  in  the  solu- 
tion. For  this  purpose  close  tanks  were  substituted  for  open  ones,  and  an 
injecting  apparatus  of  force-pumps,  &c.,  was  added,  besides  air-pumps  for 
previous  exhaustion.  A  complete  arrangement  of  this  kind  was  fitted  up  for 
preparing  the  timber  of  the  permanent  way  of  the  Hull  and  Selby  Railway,  and 
was  fully  described  before  the  Institution  of  Civil  Engineers  in  March,  1842. 
The  following  is  quoted  from  the  Report  of  this  Paper,  published  in  the  '  Civil 
Engineer  and  Architect's  Journal.'  " 

"  The  apparatus  consists  of  two  tanks,  a  reservoir,  two  force-pumps,  and  a 
double  air-pump.  The  tanks  are  cyhndrical,  with  flat  ends,  and  are  made  of 
wrought  iron  plates  nearly  half  an  inch  in  thickness ;  they  are  70  feet  in 
length,  and  6  feet  in  diameter :  at  each  extremity  is  a  cast  iron  door,  flat  on  the 
outside,  and  concave  on  the  inner  side,  provided  with  balance  weights  for 
raising  and  lowering  it.  Each  end  is  strengthened  by  five  parallel  cast  iron 
girders,  whose  extremities  are  held  by  wrought  iron  straps  riveted  on  to  the 
circumference  of  the  tanks.  Notwithstanding  the  great  strength  of  these 
girders,  several  were  broken  by  the  pressure  applied  during  the  process.  The 
vessels  are  lined  with  felt,  upon  which  is  laid  a  covering  of  close-jointed  fir 
battens,  fastened  with  copper  rivets :  this  precaution  is  necessary  to  prevent 
the  mutual  deterioration  which  would  arise  from  the  contact  of  the  iron  and 
corrosive  sublimate.     There  was  originally  only  one  brass  force-pump,  2  inches 

'  '  Civil  Engineer  and  Architect's  Journal,'  vol.  vi.  p.  205.  '"  Ibid. 

"  Vol.  V.  p.  202. 


102  RAILWAYS. 

diameter  and  6  inches  stroke :  this  being  found  insufficient,  another  was  added 
of  4  inches  diameter,  and  henceforward  a  pressure  of  100  lbs.  per  square  inch 
was  easily  obtained.  The  air-pump  is  10  inches  diameter  and  15  inches  stroke. 
Its  construction  is  of  the  ordinary  kind.  Tiie  process  is  simple  and  rapid  :  the 
corrosive  sublimate  is  first  mixed  with  warm  water  in  a  trough,  in  the  propor- 
tion of  1  lb.  of  the  former  to  two  gallons  of  the  latter ;  the  clear  solution  is 
then  poured  off  into  the  reservoir,  where  water  is  added  till  it  is  diluted  to  the 
proper  point,  which  may  be  ascertained  by  an  hydrometer :  a  more  perfect  test 
is  the  action  of  the  solution  upon  silver,  which  it  turns  brown  at  the  requisite 
degree  of  saturation.  The  operations  of  exhaustion  and  pressure  employ  eight 
men  for  five  hours,  the  whole  process  occupying  about  seven  hours,  during 
which  time  from  seventeen  to  twenty  loads  are  Kyanized  in  each  tank.  It  is 
desirable  that  the  timber  should  remain  stacked  for  two  or  three  weeks  after 
Kyanizing  before  it  is  used.  It  was  found  that  about  f  lb.  of  corrosive  sub- 
limate sufficed  to  prepare  one  load  (50  cubic  feet)  of  timber.  About  337,000 
cubic  feet  of  timber  were  Kyanized,  the  average  expense  of  which,  including 
part  of  the  first  cost  of  the  tanks,  was  about  5d.  per  cubic  foot.  The  timber 
was  tested  after  the  process,  and  it  was  found  that  the  solution  had  penetrated 
to  the  heart  of  the  logs." 

The  reading  of  this  Paper  was  followed  by  a  discussion  upon  the  quantity  of 
the  solution  absorbed  by  the  wood,  with  and  without  the  preliminary  j)rocess 
of  exhaustion,  as  practised  for  the  Hull  and  Selby  Railway ;  but  in  the  absence 
of  recorded  experiments  in  which  all  other  circumstances  were  the  same,  no 
agreed  result  was  arrived  at.  The  necessity  of  filling  the  pores  of  the  timber, 
in  order  to  make  the  process  fully  efficient,  and  the  great  difficulty  of  doing 
this  by  reason  of  the  moisture  which  they  already  contained,  was  generally 
admitted.  It  was  remarked  also  that  the  sublimate  entered  the  extremities  of 
the  sap-vessels  without  pressure,  but  required  pressure  in  order  to  penetrate 
laterally.  Mr.  Thompson,  the  Secretary  to  Kyan's  Company,  stated  with 
regard  to  the  strength  of  the  solution,  that  "it  was  at  first  believed  that 
1  lb.  of  corrosive  sublimate  to  20  gallons  of  water  was  sufficiently  strong, 
and  much  timber  had  been  so  prepared  ;  but  experience  had  since  proved  that 
the  strength  of  the  mixture  should  not  be  less  than  1  lb.  to  15  gallons,  and  he 
had  never  found  any  well-authenticated  instance  of  timber  decaying  when  it 
had  been  properly  prepared  at  that  strength  :  as  much  as  1  in  9  was  not  unfre- 
quently  used.     In  a  cubic  foot  of  wood  prepared  under  a  pressure  of  70  lbs. 
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per  square  inch,  mercury  had  been  found  by  the  galvanic  battery  to  have  pene- 
trated to  the  heart."  The  destructive  action  of  the  sublimate  upon  iron  was 
also  referred  to. 

The  great  want  of  complete  experiments  upon  the  peculiar  action  of  this  and 
other  preserving  matters  upon  timber,  and  the  best  mode  of  administering 
them,  is  apparent,  and  with  particular  reference  to  the  adoption  of  timber 
as  a  material  for  railway  viaducts  and  works.  These  experiments,  it  may 
be  suggested,  should  also  seek  to  determine  how  far  the  strength  and  elasticity 
of  the  timber  is  alFected  or  impaired,  according  as  the  preparations  are  applied 
at  the  ends  of  the  pores,  so  that  these  may  become  filled  without  crushing  the 
intermediate  fibres  of  the  wood ;  or  driven  laterally  into  the  pores  through  the 
resisting  fibres. 

With  reference  to  the  durability  produced  by  this  process,  accounts  are 
somewhat  contradictoiy.  How  far  success  in  this  respect  may  be  owing  to 
careful  and  complete  performance,  or,  on  the  other  hand,  failure  be  pro- 
moted by  careless  and  incomplete  Kyanizing,  we  have  no  means  of  deter- 
mining. Upon  the  appUcation  of  the  process  for  the  Great  Western  Railway, 
it  was  reported  in  August,  1843,  that  a  part  taken  from  the  centre  of  one 
of  the  longitudinal  timbers  forming  the  base  of  the  railway  which  had  been 
Kyanized  six  years  before,  was  ' '  as  sound  as  on  the  day  on  which  it  was  first 
put  down."  But  the  reporter  remarked,  that  during  the  process  the  strength  of 
the  solution  had  been  carefully  maintained.  Upon  first  immersion  the  strength 
was  1  in  14,  at  a  temperature  of  62°;  and  the  time  of  immersion  for  7-inch 
timber  was  eight  days :  during  this  time  the  solution  was  kept  at  an  uniform 
strength  by  pumping.'^  In  this  manner  upwards  of  40,000  loads  of  timber 
had  been  prepared,  and  the  quantity  of  subUmate  consumed  was  about  l^lb.  to 
each  load." 

On  the  London  and  Birmingham  Railway,  on  the  contrary,  the  engineer 
reported,  that  the  sleepers,  which  were  all  Kyanized,  were,  after  lying  three 
years,  found  to  exhibit  sjTnptoms  of  decay, — that  many  of  them  had  been  re- 
moved absolutely  rotten,  and  Kyan's  process  had  been  consequently  abandoned.'* 

Sir  WilUam  Burnett's  process  for  preserving  timber  (patented  March  19, 
1840)  consists  in  impregnating  it  with  water  saturated  with  the  chloride  of 

'2  In  open  tanks,  the  timber  being  subjected  to  simple  immersion,  without  exhaustion  or 
pressure. 

'3  '  Civil  Engineer  and  Architect's  Journal,'  vol.  vi.  p.  356.  "  Ibid.  vol.  vi.  p.  306 
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zinc.  Tliis  is  mentioned  by  Dr.  D.  B.  Reid,  in  his  '  Illustrations  of  Ventila- 
tion,' as  the  "  most  powerful  of  those  materials  that  do  not  affect  the  texture 
or  other  qualities  of  the  wood."  And  Dr.  Reid  adds  that  he  has  not  yet  "  seen 
any  specimens  of  wood  or  canvass  that  have  resisted  such  trying  circumstances 
as  those  that  were  protected  by  the  muriate  of  zinc."  '^ 

In  July,  1841,  Messrs.  Lang  and  Abethell,  of  Woolwich  Dockyard,  reported 
that  three  specimens  of  wood,  viz.,  English  oak,  English  elm,  and  Dantzic  fir, 
which  had  been  prepared  by  this  process,  had  remained  in  the  fungus-pit  at 
Woolwich  Dockyard  for  five  years,  and  were  still  perfectly  sound ;  while  three 
similar  specimens  unprepared  were  all  more  or  less  in  a  state  of  decay. 

The  cost  of  this  process,  as  announced  by  the  Association  formed  for  carrying 
it  out,  is  as  follows  : 

For  preparing  timber,  round  or  square,  including  planks,  deals,  hop-poles, 
paving  blocks,  and  railway  sleepers,  at  the  Company's  station,  ]\Iillwall, — 
fourteen  shillings  per  load  of  50  cubic  feet,  besides  two  shillings  for  landing 
and  loading.  One  pound  of  the  material  which  the  proprietors  supply  for  one 
shilling  is  said  to  be  sufficient  for  ten  gallons  of  water. 

Bethell's  process  (patented  July  11,  1838)  is  described  by  Dr.  Ure'^  to  con- 
sist in  "  impregnating  wood  throughout  with  oil  of  tar,  and  other  bituminous 
matters,  containing  creosote,  and  also  with  pyrolignite  of  iron,  which  holds 
more  creosote  in  solution  than  any  other  watery  menstruum.  The  wood  is  put 
in  a  close  iron  tank,  like  a  high-pressure  steam  boiler,  which  is  then  closed 
and  filled  with  the  tar-oil  or  pyrolignite.  The  air  is  then  exhausted  by  air- 
pumps,  and  afterwards  more  oil  or  pyrolignite  is  forced  in  by  hydrostatic 
pumps,  until  a  pressure  equal  to  from  100  to  150  lbs.  to  the  inch  is  obtained. 
This  pressure  is  kept  up,  by  the  frequent  working  of  the  pumps,  during  six  or 
seven  hours,  whereby  the  wood  becomes  thoroughly  saturated  with  the  tar-oil, 
or  the  pyrolignite  of  iron,  and  will  be  found  to  weigh  from  8  to  I'Jfljs.  per 
cubic  foot  heavier  than  before." — "The  effect  produced  is  that  of  perfectly 
coagulating  the  albumen  in  the  sap,  thus  preventing  its  putrefaction.  For  wood 
that  will  be  much  exposed  to  the  weather,  and  alternately  wet  and  dry,  the 
mere  coagulation  of  the  sap  is  not  sufficient ;  for  although  the  albumen 
contained  in  the  sap  of  the  wood  is  the  most  liable  and  the  first  to  putrefy,  yet 
the  ligneous  fibre  itself,  after  it  has  been  deprived  of  all  sap,  will,  when  exposed 

'*  '  Illustrations  of  Ventilation,'  p.  74. 

">  'Recent  Improvements  in  Arts,  Manufactures,  and  Mines.'   1844.  p.  274. 
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in  a  warm  damp  situation,  rot  and  crumble  into  dust.  To  preserve  wood, 
therefore,  that  will  be  much  exposed  to  the  weather,  it  is  not  only  necessary 
that  the  sap  should  be  coagulated,  but  that  the  fibres  should  be  protected  from 
moisture,  wliich  is  effectually  done  by  this  process." — "The  materials  which 
are  injected  preserve  iron  and  metals  from  corrosion ;  and  an  iron  bolt  driven 
into  wood  so  saturated  remains  perfectly  sound  and  free  from  rust.  It  also 
resists  the  attack  of  insects." — "  The  expense  of  preparing  the  wood  varies 
from  10s.  to  15s.  per  load,  according  to  situation  and  distance  from  the  manu- 
factories where  the  material  is  made." — "  Common  Scotch  fir  sleepers,  which 
have  been  in  use  three  years  and  upwards,  look  much  better  now  than  when  first 
laid  down,  having  become  harder,  more  consolidated,  and  perfectly  water-proof." 

At  a  meeting  of  the  Institution  of  Civil  Engineers,  in  February,  1842,  it  was 
stated,  that  some  piles  at  New  York  which  had  been  saturated  with  coal-oil, 
perfectly  resisted  the  attacks  of  the  '  Teredo  navalis,'  in  the  same  situations 
where  Kyanized  piles  had  been  entirely  destroyed  by  them.  And  Mr.  Bethell, 
the  patentee  of  this  process,  remarked  upon  the  necessity  of  purifying  the  oil  of 
tar  from  ammonia,  that  "  in  experiments  he  had  made  previously  to  taking  out 
his  patent  for  preparing  timber  with  coal-oil,  he  obsei^ved  that  wood  coated  with 
common  coal-tar  soon  turned  brown,  and  decay  ensued ;  ammonia  produced 
the  same  appearance  and  effect.  The  refined  coal-tar,  as  manufactured  in 
London,  is  purified  from  ammonia  by  distillation,  and  found  an  excellent 
coating  for  wood."''  The  process  has  been  adopted  in  preparing  the  sleepers 
for  several  of  the  railways,  and  on  one  or  more  has  been  substituted  for  Kyan's 
process. 

Payne's  process  is  described  in  the  patent  (dated  July  9,  1841)  to  consist 
in  impregnating  the  wood,  or  other  vegetable  substances,  with  a  solution 
of  metallic  or  earthy  matter,  by  means  of  exhaustion  and  pressure ;  and  then, 
by  chemical  decomposition,  obtaining  the  preserving  matters  in  an  insoluble 
state,  within  the  substance  of  the  vegetable  material  under  operation.  As  there 
cu-e  many  metallic  and  earthy  matters  which  are  known  as  preservatives  of 
vegetable  substances  from  decay,  and  from  burning  with  flame,  the  patentee 
does  not  confine  himself  to  any  particular  solution  ;  but  in  order  to  illustrate 
his  invention  more  clearly,  he  states,  that  (with  respect  to  metallic  solutions)  if 
the  vegetable  matter  be  impregnated  with  a  strong  solution  of  sulphate  of  iron, 

"  '  Civil  Engineer  and  Architect's  Journal,'  vol.  v.  p.  169. 
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either  hot  or  cold,  he  forces  into  it,  by  exhaustion  and  pressure,  a  solution  of 
any  of  the  carbonate  alkalies,  or  of  any  other  substance  that  will  decompose  the 
salt,  and  render  the  oxide  of  iron  insoluble.  With  regard  to  earthy  matters, 
supposing  the  vegetable  material  be  impregnated  with  a  strong  solution  of  alum, 
he  decomposes  it  by  the  employment  of  a  solution  of  carbonate  of  soda,  of  a 
suitable  strength  for  that  purpose  ;  or  any  other  well-known  means  of  decom- 
posing the  solution  may  be  used,  for  the  purpose  of  precipitating  the  alumina.'^ 
This  invention  has  been  applied  in  preserving  the  timber  used  in  the  Royal 
stables  at  Claremont,  and  has  been  approved  by  the  Commissioners  of  Woods 
and  Forests,  who  directed  Mr.  Phillips,  Professor  of  Economic  Geology,  to 
report  upon  the  process.  This  Report  was  highly  favourable  to  the  utility  of 
the  invention. 

Reverting  to  Plate  XXV.  of  outlines  of  bridges,  the  situation  for  a  railway 
bridge,  shown  in  the  figures  4,  (A  and  B),  supposes  that  the  extent  of  embank- 
ment or  excavation  is  insufficient  for  the  minimum  height  under  the  arch,  and 
that  hence  a  small  quantity  of  earth-work  w  ill  be  needed  in  cutting,  as  shown 
at  A,  fig.  4, — or  in  approaches,  as  shown  at  B,  fig.  4.  Of  such  bridges  an 
example  or  two  will  be  found  in  the  description  of  Plates. 

For  the  purpose  of  forming  a  road  of  any  kind  beneath  a  high  embankment, 
the  viaduct  may  be  commonly  dispensed  with,  and  a  low  tunnel-like  bridge  be 
adopted,  having  only  the  minimum  height  of  arch.  Of  such  bridges  an  example 
is  given  in  the  Plates.  It  may  be  remarked  here,  that  considerable  saving  is 
effected  by  adopting  them.  Although  the  narrow  cut  through  the  base  of  the 
embankment  requires,  in  order  to  support  the  sides,  that  the  wing  walls  of 
the  bridge  be  extended  to  tlie  entire  width  of  the  bank,  yet  the  quantity  of 
masonry  is  much  less  than  in  an  equivalent  viaduct ;  and  it  may  also  be 
judiciously  constructed  in  a  rougher  and  cheaper  manner.  In  these  bridges  it 
is  however  highly  essential  to  secure  an  ample  thickness  and  strength  of  arch, 
and  also  to  employ  cement  in  the  building  of  it. 

The  accompanying  Plates  represent  some  of  the  most  substantial  and  approved 
works  included  under  this  Section. 

Plate  XXVI. — Figs.  I  to  5  refer  to  a  double-arched  bridge,  built  at  a  small 
angle  over  the  London  and  Birmingham  Railway,  and  carrying  a  public  road  or 

'*  '  London  Journal  of  .'\rts,'  vol.  xxiii.  p.  352. 
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street.  The  bridge  is  extended  for  a  considerable  length  in  the  direction  of  the 
railway.  Fig.  1  shows  half  the  elevation.  Fig.  2,  half  section,  parallel  with  the 
face  of  the  bridge.  Fig.  3  is  a  partial  plan,  showing  the  lower  part  of  the  abut- 
ment wall,  and  is  taken  sectional  through  the  intermediate  piers  which  support 
the  common  impost  of  the  two  arches.  Fig.  4  is  a  partial  cross  section  through 
the  crown  of  one  of  the  arches,  showing  the  construction  of  the  arch,  and  para- 
pets, and  also  showing  the  skewed  backs  from  which  the  brick-work  of  the  arch 
springs.  These  are  cut  upon  the  impost,  and  to  the  length  of  one  or  more 
bricks,  so  as  to  work  in  with  the  regular  courses,  and  avoid  the  defective  alter- 
native of  starting  the  arch  with  cut  bricks  and  bats.  Fig.  5  shows  a  portion 
of  a  similar  cross  section,  having  the  recesses  in  the  face  of  the  abutment 
formed  with  inverts  upon  the  face,  and  breaking  the  top  line  of  footings.  The 
footings  of  the  abutments  and  piers  are  built  upon  a  solid  bed  of  concrete,  about 
18  inches  thick.  Against  the  elevation  of  this  bridge  a  section  is  shown  of  the 
retaining  wall,  which  bounds  the  cutting  over  which  the  bridge  is  built.  The 
section,  fig.  2,  shows  the  manner  in  which  the  thrust  of  the  arch,  which  is  ellip- 
tical, having  a  rise  of  nearly  a  quarter  of  the  span,  is  intended  to  be  partly 
resisted  by  the  sohd  ground  adjoining,  instead  of  being  wholly  sustained  by  tlie 
abutment.  For  efficiency  this  plan  may  be  safely  recommended ;  and  as  a 
judicious  mode  of  rendering  a  flat  arch  safe,  and  thus  dispensing  with  un- 
necessary height,  this  cannot  perhaps  be  replaced  by  any  cheaper  method.  In 
figs.  1  and  2  is  also  shown  the  dipped  form  to  which  the  upper  surface  of  the 
excavation  should  be  trimmed,  to  keep  the  foundations  dry,  and  lead  the  water 
towards  central  drains,  as  shown  on  Plate  XXXIX.  vol.  vii.,  and  described  at 
page  156  of  that  volume. 

Figures  6  to  10  represent  a  small  occupation  bridge,  adapted  for  the  conve- 
nience only  of  cattle  or  cart-traffic. 

Fig.  6  is  a  half  section,  and  fig.  7,  a  half  elevation.  Fig.  8,  a  partial  cross 
section.  Fig.  9,  a  partial  plan  above  the  foundations.  Fig.  10,  a  section  of  one 
of  the  wing  walls,  taken  near  the  abutment.  This  tunnel-like  bridge  is  adapted 
for  any  extent  of  embankment,  with  the  precaution,  if  of  great  height,  of  gi^^ng 
the  arch  a  little  extra  thickness,  and  strengthening  it  by  a  tie-bolt  built  in  the 
crown  of  the  arch  throughout  its  entire  length,  and  abutting  by  heads, 
screwed  nuts,  or  keys,  against  its  two  faces.  This  bolt  may  for  convenience 
be  formed  in  hnks  with  secure  weldings.  Tlie  roadway  beneath  the  bridge, 
15  feet  wide,  is  shown  as  divided  into  a  cartway  and  a  footway.     An  inverted 
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eirch  is  turned  in  cement  between  the  abutments,  and  cannot  be  well  dispensed 
with  in  bridges  built  in  such  situations  as  here  described.  In  these  bridges  the 
use  of  wing  walls  is  imperative,  unless  the  arch  were  carried  forward  to  the 
extent  of  the  bank,  which  would  involve  an  unjustifiable  expense;  but  if  built 
of  the  strength  shown  in  this  example,  these  walls  are  fitted  to  answer  their 
purpose  in  the  best  possible  manner. 

Figs.  11  to  15  exhibit  a  cattle  bridge  only,  with  brick  arch,  but  faces 
entirely  of  stone,  and  thus  adapted  for  a  district  where  this  material  is  plentiful. 
It  is  shown  as  if  constructed  in  a  bank  about  9  feet  high,  but  would  require  no 
modification  except  a  thickening  of  the  arch  if  built  under  a  much  higher  one  : 
a  9-inch  invert  is  built  between  the  abutments.  The  wing  walls  are  shown  as 
also  faced  with  stone  in  courses. 

Plate  XX\'II.  represents  two  bridges  built  in  rather  different  circumstances, 
but  still  sufficiently  similar  to  admit  a  comparison  between  them  of  two  styles 
of  design,  both  of  which  have  been  much  employed  in  railway  bridges,  viz.,  the 
single-arch  with  long  wing  walls,  and  the  three-arch  with  intermediate  piers. 

Besides  the  reasons  already  stated  in  objection  to  retaining  walls  of  all 
descriptions,  the  single-arch  bridge  is  also  more  expensive  in  first  cost,  although 
requiring  less  centering  tlian  the  other.  The  wing  walls  of  the  bridge  shown 
on  the  Plate  are  necessarily  of  great  strength,  to  resist  the  pressure  of  the 
filling-in  earth  between  them  ;  and  the  same  cubical  quantity  of  brick-work  may 
be  so  used  as  nearly,  if  not  quite,  to  complete  the  three-arch  bridge.  In  this  case, 
if  the  bridge  be  in  embankment,  the  whole  of  the  filling-in  earth-work  incurs 
additional  expense ;  and  if  in  cutting,  very  little  will  be  saved  in  earth-work  in 
adopting  the  single-arch,  while,  on  the  other  hand,  the  soUd  walls  prevent 
the  action  of  the  air  upon  the  slopes,  which  is  found  desirable  for  their 
hardening.  And,  moreover,  the  three-arch  bridge  facihtates  vision  along  the 
line,  and  this  is  really  essential  to  safety,  especially  over  curves  and  in 
cuttings. 

It  must  be  observed  that  the  economy  in  first  cost  of  the  three-arch  certainly 
diminishes  as  the  width  of  the  bridge  is  increased,  and  we  may  conceive  one  so 
wide  that  the  expense  of  the  two  additional  arches  should  not  be  incurred,  but 
in  practice  few  such  cases  arise. 

Figs.  1  to  7  represent  a  square  bridge  carrying  an  occupation  road  or  way, 
1  0  feet  wide,  over  the  railway  at  a  point  where  the  latter  is  about  5  feet  below 
the  original  surface  of  the  ground.     Fig.  1  is  a  half  elevation.     Fig.  2,  a  half 
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section,  parallel  with  the  face  of  the  bridge.  Fig.  3,  a  partial  plan,  taken  beneath 
the  string-course,  level  with  the  crown  of  the  arches.  Fig.  4  embraces  a  partial 
plan  of  one  of  the  abutments  and  one  of  the  intermediate  piers.  Figs.  5  and  6 
are  cross  sections  through  the  wing  of  the  abutment,  one  taken  near  the  arch, 
the  other  through  the  battering  pilaster  at  the  end  of  the  wing.  Fig.  7  is  a 
half  cross  section  through  the  crown  of  the  centre  arch.  The  arches  are 
semi-ellipses ;  the  centre  one  30  feet  span,  with  a  rise  of  8  feet  6  inches ;  the 
side  arches  28  feet  3  inches  span,  and  rise  about  7  feet  6  inches. 

Figs.  8  to  14  exhibit  a  single-arch  bridge  carrying  an  occupation  road,  15 
feet  wide,  obhquely  over  the  railway,  which  is  here  nearly  level  with  the 
original  surface  of  the  ground.  Fig.  8  is  a  half  section,  parallel  with  the  face  of 
the  bridge,  and  showing  the  breaks  formed  horizontally  and  vertically  in  the 
back  of  the  wing  walls.  This  section  also  shows  the  arch,  abutment,  and  brick 
backing  to  the  arch.  The  backing  to  both  of  the  bridges  shown  on  this  Plate 
may,  however,  be  more  efficiently  disposed  by  incUning  the  top  surface  of  it  so 
as  to  be  tangential  to  the  crown  of  the  arch,  and  fall  thence  towards  the 
extremity  of  the  abutments  or  centre  of  the  intermediate  piers.  It  is  evident 
that  a  more  equal  resistance  is  thus  obtained  to  the  thrust  of  the  arch,  and  a 
better  disposition  effected  for  getting  rid  of  water  from  the  brick-work.  Fig.  9 
is  an  elevation  of  half  of  the  bridge,  and  shows  a  pilaster  carried  up  vertically 
6  feet  9  inches  in  wddth.  This  pilaster  serves  for  the  imposts  to  break  against 
on  one  side,  and  for  the  battering  wing  walls  on  the  other.  On  the  acute  side 
of  the  arch,  the  abutment  as  high  as  the  impost  stone  is  brought  out  at  right 
angles  with  the  skew  of  the  bridge,  and  on  the  obtuse  side  the  abutment 
is  similarly  brought  forward,  and  formed  to  show  an  equal  splay  with  that  on 
the  acute  side.  Up  to  this  height,  therefore,  the  work  presents  no  internal 
angles.  Above  the  impost,  however,  the  faces  of  the  arch  and  spandrils  are 
set  back,  and  thus  form  uniform  angles  with  the  projection  of  the  pilasters. 
The  section,  fig.  8,  shows  the  footings  of  the  counterfort,  inclined  at  right 
angles  with  the  battering  back  of  it ;  and  if  this  inclined  bed  be  observed 
throughout  the  courses  in  the  counterfort,  its  efficiency  will  be  increased,  as 
already  observed  regarding  retaining  walls.  Fig.  10  is  a  half  cross  section  of 
the  bridge,  showing  a  stone  coping  and  string-course;  the  latter  not  carried 
through  the  entire  thickness  of  the  parapet.  By  this  method,  however,  the 
bond  of  the  work  is  injured,  and  although  stone  is  saved,  cannot  be  recom- 
mended.    Fig.  1 1  shows  a  partial  plan  above  the  arch.     Fig.  12,  a  partial  plan 
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above  the  foundations,  showing  the  reduction  of  the  wing  walls.  Fig.  13  is  a 
half  section  of  the  arch  and  abutment,  taken  at  right  angles  with  the  skew 
of  the  bridge,  or  as  commonly  called,  '  on  the  square.'  Fig.  14  shows  a  cross 
section  through  the  wing  wall  near  to  the  abutment. 

Plate  XXVIII.  represents  two  substantial  and  handsome  works  on  the  Lon- 
don and  Birmingham  Railway  ;  a  bridge  built  over  a  river  and  sloping  irregular 
valley,  and  one  erected  to  carry  the  railway  over  a  canal.  Figs.  1  to  4  exhibit 
the  former  structure  ;  figs.  5  to  10,  the  latter. 

The  bridge  over  the  river  consists  of  one  mjiin  arch,  60  feet  in  span,  and 
semicircular;  and  three  semicircular  arches,  17  feet  span,  on  each  side.  The 
main  arch  has  abutments  each  14  feet  thick.  The  bridge  is  28  feet  wide 
between  the  parapets,  being  adapted  for  a  double  hue  of  rails  to  a  gauge  of 
4  feet  85  inches.  Arches  are  turned  between  the  spandrils  to  reduce  the 
weight  on  the  upper  part  of  the  arch,  while  a  soUd  backing  of  brick-work 
supports  the  haunches.  The  piers  between  the  side  arches  show  a  width  of 
8  feet  on  the  face  of  the  bridge,  but  are  reduced  to  2  feet  3  inches  by  three 
intermediate  recesses  in  the  width  of  the  bridge.  Fig.  1  is  a  half  elevation. 
Fig.  2  is  a  half  section,  parallel  with  the  face  of  the  bridge.  Fig.  3,  a  half  plan 
over  the  parapets  ;  and  fig.  4,  a  half  plan  below  springing.  Brick  inverts  are 
turned  between  the  side  arches,  and  the  levels  of  these  and  of  the  footings  are 
determined  by  the  original  surface  of  the  ground,  which  falls  rapidly  on  one 
side  towards  the  river.  The  entire  height  from  the  level  of  the  water  to  that  of 
the  rails  appears  to  be  about  53  feet.  A  thick  bed  of  concrete  surmounts  the 
arches  and  the  intermediate  backing.  The  slopes  of  the  embankment  are  at 
2  to  1 ,  and  start  from  broad  benches  on  the  original  surface  of  the  ground. 

Figs.  5  to  10  represent  the  canal  bridge.  Fig.  5  is  a  half  section,  parallel 
with  the  face  of  the  bridge ;  fig.  6,  a  half  elevation.  Fig.  7  is  a  half  cross 
section  through  the  crown  of  the  arch,  and  with  the  retaining  wall  of  the 
towing-path  removed.  Figs.  8  and  9  show  a  half  plan,  taken  above  the  arch 
in  fig.  8,  and  above  the  foundations  in  fig.  9 ;  and  fig.  10  represents  the  con- 
struction of  the  foundations  of  the  abutments.  In  this  case  the  railway  is 
embanked  about  IG  feet  above  the  original  surface  of  the  ground,  and  the  entire 
site  of  one  of  the  intended  abutments  presented  a  shifting  mass,  evidently 
incapable  of  sustaining  permanently  the  load  which  the  abutment  would  put 
upon  it.  An  artificial  foundation  of  a  most  complete  character  was  therefore 
provided.     First,  four  rows  of  piles  were  driven  ;   fourteen  piles  in  each  row, 
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and  each  pile  about  20  feet  long.  The  rows  were  2  ft.  3  in.  apart  from  centre 
to  centre,  and  each  pile  was  2  ft.  4^  in.  distant  from  the  adjoining  one  in  each 
row.  Behind  these  four  rows,  seven  other  rows  of  piles,  fourteen  in  each  row, 
were  driven,  not  vertically,  but  obliquelj-,  as  shown  in  fig.  5 ;  and  the  tops  of 
these  were  trimmed  to  a  plane  surface  at  right  angles  to  their  obhquity.  A 
platform,  partly  horizontal  and  partly  inclined,  was  then  constructed  upon  the 
heads  of  these  eleven  rows  of  piles,  thus  :  Over  the  pile-heads  timber  sleepers 
were  fixed,  corresponding  in  position  with  the  rows  of  piles.  Between  these 
sleepers  brick-work  was  built  up  to  the  level  of  the  upper  surface  of  the 
sleepers.  Over  the  whole  surface  stout  planking  was  then  laid,  and  around 
the  outer  sides  of  the  whole  a  row  of  sheet  piling  driven,  with  double  walings 
bolted  to  it. 

Upon  the  platform  thus  formed  the  abutment  was  built,  consisting  of  stone 
in  blocking  courses,  with  brick-work  above.  The  line  of  the  extrados  of  the 
arch,  which  is  a  circular  segment,  35  feet  span  and  6  feet  rise,  is  continued 
down  nearly  to  the  ground,  the  materials  of  the  entire  abutment  being  thus 
disposed  in  a  triangular  form.  The  towing-path  is  retained  by  a  dwarf  wall, 
built  upon  piles.  The  design  of  this  bridge  is  suited  for  a  stone  district,  or  one 
where  that  material  may  be  cheaply  procured. 

In  Plate  XXIX.  are  exhibited  the  complete  details  of  one  of  the  interesting 
works  on  the  London  and  Birmingham  Railway,  viz.,  the  viaduct  over  the 
river  Avon  and  its  valley.  Fig.  1  is  a  general  sketch  of  the  elevation  of  this 
structure.  Fig.  2  is  an  enlarged  elevation  of  one  of  the  main  and  one  of  the 
side  arches,  wdth  enough  to  show  the  design  and  dimensions  of  the  intermediate 
piers,  of  which  fig.  3  is  a  partial  plan  above  the  foundations.  Fig.  4  is  a  half 
cross  section  through  one  of  the  piers ;  and  fig.  5  is  a  section  taken  parallel 
with  the  face  of  the  bridge  through  one  of  the  end  abutments,  the  three  small 
arches  adjoining,  and  the  hollow  pier  which  separates  these  from  the  main 
arches.  This  viaduct,  of  which  the  total  length  is  about  350  feet,  consists  of 
nine  semi-elliptical  arches,  24  feet  span,  and  7  ft.  6  in.  rise,  and  three  semi- 
circular arches  at  each  end,  of  10  feet  span,  faced  entirely  with  stone.  Each  of 
the  six  end  arches  has  a  brick  inverted  arch  between  the  piers  above  the  foun- 
dations, which  are  carried  along  uniformly  in  a  solid  bed  beneath  these  arches, 
with  such  steps  and  at  such  levels  as  the  nature  of  the  substratum  required.  The 
three  middle  arches  have  an  inverted  arch  of  brick-work,  which  forms  an 
artificial  channel  for  the  river.     This  invert  is  faced  at  each  end  with  a  row  of 
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sheet  piling,  driven  through  the  loam  into  a  bed  of  strong  gravel  beneath.  All 
the  foundations  which  do  not  reach  this  gravel  are  built  upon  thick  beds  of 
concrete,  and  a  layer  of  the  same  material  covers  the  whole  of  the  arches, 
forming  a  level  bed  for  the  gravel  in  which  the  sleepers  of  the  railway  are  laid. 
The  figures  4  and  5  show  the  iron  down  pipes  by  which  the  work  is  drained. 

Plate  XXX.  shows  the  construction  of  iron  girder  bridges,  and  other  works 
upon  the  London  and  Blackwall  Railway.  Figs.  1  to  9  refer  to  bridges  for 
limited  heights.  The  depth  of  girders  in  this  case  being  limited  to  14  inches, 
they  are  introduced  in  pairs,  and  are  cast  with  projecting  ribs  on  the  sides, 
leaving  a  space  for  a  wrought  iron  bar,  curved  in  the  manner  of  an  arch,  3 
inches  by  2  inches,  which  bar  abuts  at  the  ends  against  suitable  shoulders 
formed  in  the  castings.  The  spaces  between  the  girders  are  filled  by  cast  iron 
arched  plates,  the  concave  sides  of  wliich  form  the  soffit  of  the  bridge.  These 
plates  have  fillets  on  the  sides,  and  are  bolted  through  the  girders,  resting  upon 
their  lower  tables.  The  girders  are  28  feet  in  length,  bearing  18  inches  at 
each  end  upon  the  abutment  walls.  Fig.  1  is  an  outside  elevation  of  one  of 
the  girders  ;  fig.  2,  an  inner  elevation  ;  fig.  3,  plan  of  two  coupled  girders  ;  fig. 
4,  sectional  through  the  covering  plates  at  the  crown,  and  against  the  fillet, 
showing  half-lap  joints.  Figs.  5,  6,  and  7  will  explain  the  construction  of  the 
parapets,  string-course,  &c.  The  string-course  and  parapet  standards  are  of 
cast  iron,  secured  by  lugs  and  bolts  to  the  girders.  The  standards  are  formed 
with  a  groove  on  each  side  for  receiving  slate  slabs,  2  inches  thick,  which  form 
the  panels  of  the  parapet ;  and  the  whole  is  surmounted  by  a  cast  iron  cap- 
ping. Figs.  8  and  9  are  sections  through  two  pairs  of  the  girders  and  the 
arched  covering  plates  and  joint. 

Figs.  10  to  14  represent  one  of  the  40-feet  iron  bridges  erected  upon  the 
same  railway.  Cross  timbers,  12  inches  square,  are  fitted  between  the  girders, 
and  supported  on  their  lower  tables ;  and  upon  these  timbers  the  chairs  for  the 
rails  are  spiked  down.  The  girders  are  43  feet  long,  bearing  18  inches  on  the 
walls  at  each  end,  and  upon  stone  corbels  built  in  the  walls  for  a  further  length 
of  about  2  feet.  The  cross  timbers  are  placed  3  feet  apart  between  centres  on 
the  Una  of  railway ;  and  at  double  this  distance  in  the  intermediate  and  side 
spaces.  The  face  girders  are  parallel,  moulded  outside,  and  surmounted  by  an 
ornamental  cast  iron  railing.  The  inner  girders  are  curved  on  the  top  table, 
2  feet  deep  at  the  centre,  and  9  inches  at  the  ends. 

Figs.  15  to  18  exhibit  the  ordinary  construction  of  the  arches  upon  which 
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the  Black  wall  Railway  is  supported.  They  are  segments  of  circles,  30  feet  span 
and  10  feet  rise,  with  3  ft.  6  in.  piers,  and  26  feet  deep.  The  brick-work  of 
the  arch  is  2^  bricks,  or  1  ft.  10^  in.  thick;  stone  string-course,  and  open 
iron  railing.  This  example  is  thought  worthy  of  record,  showing  a  construction 
which  has  sufficed  for  a  constant  traffic  of  carriages  and  goods'  trucks  without 
locomotives. 

On  Plate  XXXI.  are  shown  the  construction  of  an  iron  girder  bridge,  and  of 
a  timber  foot  bridge,  both  on  the  London  and  Birmingham  Railway.  Figs.  1  to  7 
refer  to  the  former  structure ;  and  figs.  8  to  14  refer  to  the  latter.  The  iron 
girder  bridge  has  two  rows  of  arches,  each  25  feet  span  and  2  ft.  6  in.  rise. 
The  outside  girders  are  ornamental,  but  are  aided  by  other  girders  immediately 
within,  shown  at  fig.  3.  The  ordinary  inner  girders  are  shown  at  fig.  4.  Fig.  2 
is  a  cross  section  through  the  face  and  part  of  the  length  of  the  bridge,  which 
is  much  extended  in  this  direction,  to  carry  a  wide  junction  of  roads  above. 
Two  wrought  iron  tie-rods,  shown  in  this  figure,  extend  throughout  the  whole 
length  of  the  bridge.  Fig.  5  shows  a  panel  plate,  fitted  to  cover  the  meeting 
of  the  two  outside  girders,  which  are  bolted  together  over  the  intermediate  pier, 
as  seen  in  fig.  1 . 

For  supporting  a  mere  foot-traffic  over  a  railway,  the  bridge  shown  in  figs.  8 
to  14  is  an  example  of  cheapness  and  efficiency.  Two  piers  of  masonry  are 
built,  one  on  each  side  of  the  line,  and  two  timbers,  12"X9",  and  about  40  feet 
long,  are  thrown  across  the  piers,  and  bolted  down  upon  them  by  bolts  built  in. 
Iron  distance  pieces,  shown  at  figs.  8  and  9,  are  fixed  between  the  timbers  ; 
4-inch  plank  is  laid  upon  them,  and  posts,  braces,  and  top  rail,  properly 
connected  with  tenons  and  iron  straps.  Wooden  steps  are  added  on  either 
side,  with  hand-rail  and  braces.  The  width  of  the  bridge  between  the  railings 
is  4  feet  6  inches. 

Plate  XXXII.  shows  the  construction  of  the  timber-arched  bridges,  con- 
structed on  the  Newcastle  and  North  Shields  Railway,  which  have  been 
described  in  the  preceding  part  of  this  Section. 

Plate  XXXIII.  exhibits  three  forms  of  timber  bridges  or  viaducts,  two  of  them 
being  trussed,  and  the  other  formed  of  plain  girders,  constructed  of  baulks  of 
timber  bolted  together.  Figs.  1,  2,  and  3  show  one  bay  of  a  bridge  built  over 
the  river  Dove,  and  the  contiguous  valley,  upon  the  line  of  the  Birmingham 
and  Derby  Railway.  Each  truss  consists  of  two  half-timbers,  each  7  by  14 
inches,  separated  by  a  vertical  space  of  1  foot  7  inches.     The  span  from  centre 
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to  centre  of  the  piles  upon  which  the  bridge  is  erected  is  20  feet,  which  is 
divided  into  four  equal  spaces  by  cast  iron  struts  or  queen-posts,  through  each 
of  which  two  iron  rods  pass.  These  rods  pass  also  through  the  half-timbers, 
and  have  screwed  nuts.  The  iron  vertical  struts  are  also  formed  with  sockets 
to  receive  the  ends  of  diagonal  struts  of  timber,  each  14  inches  by  4  inches. 
Each  bay  consists  of  five  of  these  trusses,  which  are  supported  upon  transverse 
sills,  12  inches  by  6  inches,  resting  upon  the  heads  of  the  piles,  tl^ere  being 
five  piles  corresponding  with  the  trusses  in  each  row,  forming  the  width  of  the 
bridge.  The  central  space  between  the  centres  of  the  trusses  is  6  feet,  and  the 
side  spaces  4  feet  1 1  inches  each.  Diagonal  braces,  4  inches  square,  are  fixed 
between  the  trusses  over  the  transverse  sill.  The  flooring  consists  of  3-inch 
planks,  laid  transversely,  and  thus  binding  the  five  trusses  together.  The 
chairs  to  support  the  rails  are  bolted  through  the  flooring.  The  parapet 
railings  consist  of  wooden  posts,  4  inches  square,  fixed  3  feet  4  inches  apart, 
and  bearing  a  wooden  hand-rail.  The  posts  are  tenoned  into  cast  iron  shoes 
sunk  in  the  flooring.  Figs.  9,  10,  and  11  show  front  and  side  views  of  the 
two  forms  of  struts  employed,  and  figs.  12  and  13  show  the  shoes  for  the 
railing  posts. 

Figs.  4,  5,  and  6  represent  one  bay  of  a  timber  viaduct  built  over  the  valley 
of  the  Tame  and  Trent  rivers,  upon  the  same  fine  of  railway.  The  span  is,  in 
this  case,  24  feet,  but  each  bay  consists  of  one  central  span  of  21  feet,  and  one 
side  span  of  3  feet.  The  piles,  of  which  a  double  number  is  thus  required,  are 
9  inches  square.  The  trussing  consists  of  a  tie-beam,  7  inches  by  14  inches, 
and  a  top  whole-timber,  14  inches  square,  halved  at  the  ends.  The  projections 
of  the  central  part  have  abutting  struts,  7  by  14  inches,  extending  diagonally 
to  the  ends  of  the  tie-beam  into  which  they  are  tenoned.  Over  each  pile  a 
post,  7  by  14  inches,  is  fixed  between  the  top  timber  and  tie-beam,  and  two 
diagonal  braces,  each  14  inches  by  4  inches,  are  crossed  between  them,  over 
tlie  side  span  of  3  feet. 

There  are  five  trusses  in  each  bay,  and  they  rest  upon  a  transverse  sill,. 
7  by  14  inches,  supported  upon  the  heads  of  the  piles.  Diagonal  braces, 
7  by  7  inches,  are  crossed  between  the  trusses,  over  each  row  of  piles,  and 
a  flooring  of  3-inch  planking  is  laid  transversely.  The  ends  of  the  flooring 
planks  are  stopped  against  a  wooden  nosing  or  string,  upon  which  shoes 
are  fixed  to  support  a  railing  similar  to  that  last  described.  Figs.  14,  15, 
IG,  and  17  show  side  and  top  views  of  cast  iron  sockets,  which  were  intro- 
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duced  at  the  junctions  of  the  timbers  of  the  trusses  at  the  points  A  and  B,  as 
marked. 

Figs.  7  and  8  show  a  transverse  and  longitudinal  view  of  one  bay  of  the 
timber  viaduct  which  forms  the  Bricklayers'  Arms  branch  of  the  South 
Eastern  Railway.  The  span  is  20  feet  between  the  centres  of  the  piles  or 
posts.  Each  row  of  piles  contains  three,  of  which  the  central  one  only  is 
vertical,  the  side  ones  being  placed  battering  outwards  at  the  bottom,  at 
the  inclination  of  3  inches  to  a  foot.  The  piles  are  13  inches  square,  having  a 
pair  of  waling  pieces,  each  12  by  6  inches,  bolted  against  them,  and  struts, 
9  inches  by  9  inches,  are  fixed  between  the  centre  and  side  piles. 

Each  row  of  piling  carries  two  transverse  timbers,  13  inches  square,  one 
bolted  upon  the  other,  and  these  support  six  sohd  girders  of  timber,  the  two 
outer  ones  being  26  inches  deep  by  6  inches  thick,  to  carry  the  ends  of  the 
flooring  (which  is  4  inches  thick)  and  the  railing,  and  the  four  intermediate 
girders,  being  of  the  same  depth,  but  13  inches  thick,  formed  of  two  whole 
baulks,  and  being  longitudinal  bearers  for  the  rails,  which  are  flanged  in  the 
manner  of  the  Great  Western  rails,  and  bolted  to  the  flooring.  By  the  side  of 
the  rails,  wooden  guard-rails,  6  inches  square,  are  bolted  down  to  prevent  the 
wheels  escaping  from  the  rails. 

Plate  XXXIV.  illustrates  the  construction  of  some  of  the  timber  bridges  which 
have  been  constructed  in  America  for  the  Utica  and  Syracuse  Railway,  the 
works  upon  which  line  are  fully  described  in  Mr.  Weale's  work  on  Railways.'^ 
Figs.  1  and  2  show  the  construction  of  bridges  with  30-feet  bays  between 
centre  of  posts,  which  are  12  inches  by  12  inches,  and  placed  in  rows,  seven  of 
them  occupying  the  width  of  the  bridge,  which  is  26  feet  over.  The  trussing 
consists  simply  of  half- timber  girders,  14  inches  by  7  inches,  with  two  struts 
notched  into  the  under  side  of  the  beam,  which  abut  against  and  are  bolted 
to  the  upright  posts  which  constitute  the  piers :  these  are  built  upon  masonry 
2  feet  in  thickness,  and  diagonal  braces,  12  inches  by  3  inches,  are  bolted  one 
on  each  side  against  the  pier-posts.  The  flooring  is  2J  inches  in  thickness, 
bolted  down  to  the  half-timber  girders.  The  railing  consists  of  posts  5  inches 
square,  fixed  3  feet  9  inches  from  centre  to  centre,  and  a  hand-rail  also  5  inches 
square.  The  girders  are  carried  upon  a  cross  sill,  12  inches  square,  notched 
down  upon  the  head  of  the  pier-posts. 

Figs.  3  and  4  show  an  economical  method  of  constructing  abutments,  partly 

'9  •  Ensamplcs  of  Railway  Making,"  1843. — Weale. 
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of  masonry  and  partly  of  timber,  and  adapted  for  arches  of  large  span  ;  the 
figures  exhibit  one  adapted  for  a  span  of  82  feet,  built  over  the  Oneida  Creek  : 
the  foundation  consists  of  white  pine  planking,  6  inches  thick,  laid  longitudi- 
nally in  the  direction  of  the  bridge,  with  a  second  layer  laid  across  the  first,  and 
of  the  same  thickness.  Upon  this  foundation  the  masonry  is  erected,  the 
height  of  which  is  about  half  that  of  the  entire  structure,  and  is  built  with 
faces  battering  1  in  12,  and  the  thickness  at  the  top  7  feet,  or  about  one- 
twelfth  part  of  the  span. 

The  timber  framing  which  forms  the  upper  part  of  the  abutment  consists  of 
two  rows  of  upright  posts,  12  inches  square,  properly  framed  into  a  rectangular 
framing  at  top  and  bottom,  made  of  timbers  12  inches  square.  There  are  seven 
posts  in  each  row,  or  fourteen  in  each  abutment :  this  framing  is  strengthened 
by  braces,  9  inches  by  3  inches,  fixed  diagonally  in  rows  on  the  four  sides  of  the 
framing,  and  also  on  the  top  and  bottom  of  it,  and  the  whole  is  put  together 
with  oak  trenails,  1  inch  diameter,  and  from  12  to  18  inches  in  length.  The 
quantity  of  timber  required  for  a  framing  of  this  construction  and  size  will  be 
about  450  cubic  feet,  or  9  loads. 

Figs.  5,  G,  7,  and  8  exhibit  trusses  adapted  for  spans  of  30  and  40  feet,  and 
employed  upon  the  Utica  and  Syracuse  Railway.  Fig.  5  shows  the  elevation 
of  the  40-feet  truss,  and  fig.  6  a  cross  section,  with  a  width  of  22  feet  between 
the  trusses ;  this,  however,  would  be  insufiicient  for  a  double  line  of  rails  laid 
to  the  4  feet  83  inch  gauge.  The  trusses  are  supported  upon  double  rows  of 
posts,  12  inches  square  ;  the  rows  being  2  feet  apart,  and  the  posts  placed 
4  feet  apart  between  their  centres  in  the  row :  each  row  of  posts  is  capped 
by  a  cross  sill,  12  inches  square,  notched  down  upon  them.  These  carry 
the  trussed  beams,  which  are  15  inches  deep,  and  formed  of  three  thicknesses 
of  four  inches.  Five  intermediate  timbers  are  also  supported  upon  these  sills, 
and  serve,  together  with  the  trussed  beams,  to  carry  transverse  timbers,  each 
1-2  inches  by  7  inches,  upon  which  the  flooring  is  laid.  The  posts  which  form 
the  abutments  are  cased  externally  with  3-inch  oak  plank,  which  is  not  shown 
in  figs.  5  and  6.  The  quantity  of  timber  in  one  40-feet  bay  of  a  single-track 
bridge,  11  feet  in  the  clear  between  the  trusses,  as  given  in  detail  by  Mr.  B.  F. 
Isherwood,'^''  amounts  to  575  cubic  feet,  or  1  U  loads,  and  the  iron-work  in 
bolts,  washers,  and  bands,  will  be  568  lbs. 

="  •  Description  of  the  Mechanical  Works  on  the  Utica  and  Syracuse  Railway,"  published  in  the 
'  Ensamples  of  Railway  Making.' 
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Figs.  7  and  8  show  an  elevation  and  half  cross  section  of  a  30-feet  truss, 
supported  upon  abutments  formed  of  single  rows  of  piles  framed  into  a  lower 
sill  and  a  cap  above  them,  with  inclined  braces  at  the  ends,  having  the  same 
inclination  as  the  embankment.  Mr.  Isherwood  gives  the  quantity  of  timber 
for  a  single-track  bridge  of  30  feet  span,  11  feet  in  the  clear  between  the 
trusses,  and  of  the  construction  shown  in  these  figures,  at  423  cubic  feet, 
or  about  8^  loads,  with  280  lbs.  of  iron  in  bands  and  stirrups. 

These  trusses,  as  adopted  on  the  Utica  and  Syracuse  Railway,  are  boarded 
up,  coped  and  painted,  and  the  quantities  of  timber  given  above  for  each 
bridge  include  this  boarding  and  coping-posts  for  I'ails,  &c.,  complete. 

On  Plate  XXXV.,  figs.  1  and  2  exhibit  a  timber  bridge  with  three  bays,  each 
40  feet  span,  adapted  to  carry  a  roadway  over  a  railway;  the  abutments  and 
piers  are  of  masonry,  and  the  roadway  is  partly  suspended  from  the  trusses. 
The  width  between  the  parapet  raihngs  is  12  feet ;  the  trusses  consist  of  a  half- 
timber  beam,  12  inches  by  6  inches,  with  two  queen-posts,  9  inches  by  (i 
inches,  carrying  a  tie-bar,  9  inches  by  6  inches,  and  two  diagonal  struts, 
12  inches  by  6  inches.  Diagonal  braces,  6  inches  by  6  inches,  are  fixed 
between  the  queen-posts.  Over  the  abutments,  upright  posts,  6  inches  by 
9  inches,  with  the  top  rail,  6  inches  square,  complete  the  framing.  A  piece  of 
timber,  9  inches  by  9  inches,  is  built  in  the  abutment,  and  projects  2  feet 
3  inches  on  each  side  beyond  its  face,  for  the  purpose  of  receiving  the  ends 
of  struts,  4  inches  square,  to  strengthen  the  posts  of  the  framing.  The 
roadway  is  formed  with  metalling,  laid  upon  a  longitudinal  plank  flooring, 
supported  upon  cross  sills,  9  inches  by  4  inches,  and  fixed  about  2  feet 
8  inches  apart  from  centre  to  centre ;  the  ends  of  these  sills  are  notched  down 
upon  the  half-timber  girders.  The  whole  of  the  framing  is  put  together  with 
WTOUght  iron  screwed  bolts  with  nuts  and  washers,  and  the  heads  of  the 
queen-posts  and  ends  of  struts  and  tie-beams  are  connected  in  iron  sockets. 

Figs.  3,  4,  5,  and  6  show  the  method  of  constructing  timber  bridges  which 
w^as  patented  in  1835  by  Ithiel  Town,  an  American  engineer.  The  following  is 
quoted  from  the  description  given  of  these  bridges  in  Mr.  Weale's  work.*' 

"  The  form  of  this  truss  will  be  seen  from  the  elevations  in  fig.  3,  which  are 
applicable  to  a  double -truss  bridge  on  Mr.  Town's  principle,  there  being  a 
double  truss  on  each  side  of  the  roadway.     Each  truss  consists  of  a  series 

-'  'Bridges,'  vol.  ii.  Supplement,  p.  Ixxvi. 
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of  diagonal  or  truss  braces  inclined  at  an  angle  somewhat  steeper  than  45°, 
crossed  by  another  series  inclined  at  the  same  angle  in  an  opposite  direction, 
and  of  a  horizontal  string-piece  on  each  side  at  top  and  bottom,  the  whole 
firmly  secured  by  wooden  trenails  of  hard  wood,  as  shown  in  fig.  3.  The 
height  of  the  truss  is  usually  about  one-tenth  or  one-twelfth  the  span  of 
the  bridge  or  distance  between  the  piers.  The  plan  in  fig.  5  shows  the  way  in 
which  the  double  trusses  are  put  together  with  string-pieces  between  them,  and 
the  transverse  section  shows  one  end  of  a  pier  with  the  double  truss  erected 
on  it,  and  part  of  the  roof,  extending  across  from  one  double  truss  to  the  other. 

"  There  are  two  very  distinct  methods  of  building  these  bridges,  according  as 
the  roadway  is  placed  at  the  top  of  the  trusses  or  on  the  level  of  the  lower 
string-pieces.  The  first  section  in  fig.  6  shows  the  first  construction,  and  the 
second  shows  the  roadway  at  the  bottom,  with  the  whole  height  of  head-room, 
confined  to  the  depth  of  the  trusses  by  the  beam  which  rests  on  them  at  the 
top.  The  first  construction  is  that  which  will  commonly  be  advisable  when  the 
span  is  not  great,  and  when,  consequently,  it  would  be  unnecessary  to  employ 
trusses  of  so  great  a  height  as  15  feet,  which  is  about  the  minimum  of  head- 
room required  for  railways.  In  the  case  of  wide  roads  also  which  are  not 
railways,  and  where,  consequently,  suspension  posts  in  the  centre  would 
be  inadmissible,  the  first  construction  will  be  invariably  necessary,  however 
wide  the  span,  unless  additional  strength  be  given  to  the  floor  beams. 

"  The  second  mode  of  construction  has  the  advantage  of  enclosing  the  road- 
way both  by  a  side  and  top  covering  or  roof,  and  in  both  the  designs  exhibited 
in  fig.  5  a  wooden  boarding,  to  protect  the  trusses  from  the  weather,  is  shown 
on  each  side  of  the  bridge. 

"  The  trenails  used  for  securing  the  truss-braces  and  string-pieces  together, 
should  be  of  white  oak,  or  other  hard  wood,  and  in  the  large  bridges  of 
America  are  usually  2  inches  in  diameter.  They  should  be  exactly  fitted  to 
the  augers  used  for  boring  the  holes,  so  that  when  seasoned  they  may  drive 
tight  and  make  solid  work.  The  patentee  observes,  that  the  trenails  may 
be  made  different  ways,  but  the  best  and  most  economical  is  to  saw  them 
out  square  from  plank,  with  a  circular  saw,  and  then  turn  them  with  a  small 
lathe,  attached  to  some  water  or  other  machinery.  They  should  be  unseasoned, 
to  be  easily  made,  but  must  afterwards  be  well  seasoned  before  driven  into  the 
work :  they  will  season  quickly,  or  may  be  kiln-dried.  Tallow  or  oil,  &c.,  may 
be  rubbed  on  them  to  make  them  drive  more  easily,  if  necessary. 
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"  In  America,  there  are  already  many  of  these  bridges,  on  a  scale  of 
magnitude  truly  gigantic.  Among  the  most  important  of  these  is  the  one 
erected  by  the  celebrated  engineer  Moncure  Robinson,  Esq.,  for  carrj'ing  the 
Richmond  and  Petersburgh  Railway  across  the  falls  of  James  River  at  Rich- 
mond. The  length  of  this  bridge  across  the  river  is  2900  feet,  and  the  trusses 
are  supported  on  eighteen  granite  piers,  the  distances  between  the  piers  varying 
from  130  to  153  feet.  The  piers  are  founded  on  the  granite  rock  over  which 
the  rapids  flow.  Their  height  above  the  surface  of  the  water  is  40  feet,  and 
they  are  carried  up  with  a  batter  of  1  inch  in  2  feet  vertical,  up  to  this 
height  of  40  feet  above  the  water,  where  their  dimensions  at  top  are  4  feet  in 
breadth  by  18  in  length.  The  masonry  consists  of  regular  courses  of  stone, 
dressed  on  the  beds  and  joints,  but  left  rough  or  merely  scabbled  on  the 
outside  faces.  The  floor  in  this  bridge  is  on  the  top  of  the  truss  frames,  and 
the  depth  of  these  being  20  feet,  the  roadway  is  carried  horizontally  across  the 
river  at  an  elevation  of  60  feet  above  the  water.  This  bridge  was  completed  in 
September,  and  its  cost  was  about  £24,200  sterling. 

"  In  addition  to  this  great  work  on  Mr.  Town's  principle,  executed  by 
Mr.  Moncure  Robinson,  may  be  mentioned  another  on  the  same  principle, 
across  the  Susquehannah,  2200  feet  in  length,  with  spans  of  220  feet ;  besides 
several  others. 

"These  bridges  may  be  constructed  of  any  kind  of  timber,  however  soft, 
provided  planks  of  about  27  feet  in  length  can  be  sawed  out  of  it.  White 
pine,  spruce,  and  poplar,  have  been  extensively  used  in  America ;  but  oak  is 
objected  to  on  account  of  its  tendency  to  spring  or  warp,  if  not  well  seasoned." 

Plate  XXXVI.  shows  two  varieties  of  trussing  adopted  upon  the  Utica  and 
Syracuse  Railway  for  trusses  of  large  span,  and  adapted  for  double-track  lines  : 
the  abutments  for  these  trusses  are  of  masonr5^  The  86  or  88-feet  span,  shown 
in  figs.  1  and  2,  has  a  pair  of  timber  arches  bolted  against  the  exterior  of  the 
truss,  which  descend  below  the  stringers,  and  thrust  against  the  stone  abutments 
in  recesses  formed  for  them ;  they  are  also  fastened  to  the  end  posts,  which  are 
produced  downwards  for  that  purpose.  In  casing  up  the  bridge,  the  arches 
were  cased  separately,  and  moulded.  The  quantity  of  timber  for  a  double- 
backed  bridge  of  three  trusses,  and  constructed  as  shown  in  figs.  1  and  2, 
will  be,  according  to  Mr.  Isherwood,  2953  cubic  feet,  or  about  59  loads ;  and 
the  total  weight  of  iron,  in  bolts,  bands,  &c.,  4328  lbs. 

Figs.  3  and  4  exhibit  the  bridge  by  which  the  railway  is  carried  over  the 
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Oneida  Creek  :  the  span  is  84  feet.  The  following  extracts  from  the  specifica- 
tion for  this  work  will  sufficiently  explain  its  construction.  "The  abutment 
from  the  top  of  masonrj^  shall  be  carried  up  to  the  level  of  the  bridge  stringers 
by  a  trestle-work  of  wood,  constructed  as  follows  : 

"  Two  parallel  vertical  frames  shall  be  erected  at  a  distance  of  3  feet  asunder  ; 
they  shall  be  strongly  braced  and  united  at  top  and  bottom  by  cross  ties.  Each 
frame  shall  consist  of  a  sill  and  cap-piece,  separated  by  a  distance  of  1 4  feet. 
The  sill  and  cap-piece  of  each  frame  shall  be  united  by  seven  vertical  posts 
tenoned  into  them,  and  well  trenailed.  Upon  the  outside  of  the  posts,  braces 
shall  be  pinned.  The  cross  ties  which  unite  the  frames  at  top  and  bottom  shall 
be  dovetailed  4  inches  into  the  siUs  and  cap-pieces. 

"The  posts  shall  be  so  disposed,  that  one  pair  shall  be  immediately  beneath 
a  bridge  truss.  The  three  pairs  directly  under  the  bridge  trusses  shall  be  stiftened 
by  cross  braces,  pinned  against  either  side.  The  timber  to  be  of  sound  white  pine. 

"  The  superstructure  of  the  bridge  is  to  be  composed  of  three  parallel  vertical 
trussed  frames,  placed  upon  the  foundations  at  right  angles,  and  separated  from 
each  other  by  distances  of  1 1  feet.  The  trussed  frames  and  the  timbers  to  be 
firmly  bolted  together.  The  flooring  beams  are  to  be  placed  at  right  angles  to 
the  trussed  frames.  The  joints  of  the  arch-pieces  to  be  in  the  line  of  radii  to 
the  arc.  The  string  timbers  to  be  spliced  with  three  splicing  bars  to  each  joint ; 
said  splicing  bars  to  be  1 1  feet  long,  pierced  with  holes,  and  fitted  with  spurs  on 
the  ends  :  one  hole  in  each  end  of  every  bar  is  to  be  so  placed  that  the  bolt  will 
pass  through  the  adjacent  post.  A  splicing  timber,  5  inches  by  18  inches,  and 
of  such  length  as  will  fill  the  space  between  the  posts,  shall  be  inserted  between 
the  stringers,  and  the  bolts  shall  be  screwed  until  all  the  timbers  are  forced  into 
close  contact. 

"  The  floor  is  to  be  formed  with  sound  2^  inches  thick  white  pine  plank, 
laid  edge  to  edge,  and  firmly  spiked  to  the  floor  beams.  The  sides  of  the 
trussed  frames  are  to  be  cased  up  with  sound,  well-seasoned  white  pine  tully 
boards,  planed,  matched  and  nailed  on  vertically  edge  to  edge  in  close  contact. 
Fuming  pieces  are  to  be  interposed  between  the  casing  and  truss  frame.  The 
trusses  to  be  coped  with  sound  white  pine  plank,  projecting  2  inches  over  their 
sides :  the  upper  surfaces  of  said  plank  to  be  properly  bevelled  for  throwing  off 
the  water,  and  the  under  surfaces  to  be  wrought  with  a  groove."" 

"  '  Description  of  the  Mechanical  Works  on  the  Utica  and  Syracuse  Railway,'  published  in  the 
■  En^aniplcs  of  Railway  Making." 


RAILWAYS.  121 

The  figures  on  Plate  XXXVII.  show  a  variety  of  centres  adapted  for  elliptical 
and  segmental  arches,  and  which  have  heen  adopted  in  the  construction  of 
several  railway  works.  Figs.  1,  2,  and  3,  show  the  kind  of  centering  and 
scaffold  made  use  of  in  constructing  the  masonry  of  tunnels.  Fig.  3  is  a  side 
view  of  one  of  the  two  framings  upon  which  centres  are  supported.  Fig.  4 
shows  a  centering  for  an  eUiptical  arch  of  40  feet  span,  and  is  adapted  for  cases 
in  which  the  abutments  are  very  low,  or  an  unusual  height  is  required  to  be 
left  clear  while  the  work  proceeds ;  but  this  form  cannot  be  recommended 
except  in  cases  where  these  conditions  are  imperative.  The  centerings  shown 
in  figs.  5  and  6  are  also  adapted  for  spans  of  40  feet,  and  both  also  require  in- 
termediate supports  the  same  as  in  fig.  4,  between  those  at  the  extreme  ends. 
Fig.  7  shows  a  centering  for  a  span  of  40  feet,  but  in  which  the  width  is  not 
interrupted  by  having  intermediate  supports :  an  available  height  beneath  the 
centering  is  still  preserved,  equal  to  that  shown  in  fig.  6.  Fig.  8  shows  a 
centering  for  a  30-feet  elliptical  arch.  Fig.  9  shows  a  centering  for  a  60-feet 
segmental  arch,  in  which  it  was  attempted  to  secure  a  high  space  for  traffic 
beneath  the  work,  without  using  any  intermediate  supports  between  the  springing 
points  of  the  centre.  In  this  case,  however,  the  construction  was  not  found 
sufiicient,  and  struts  were  obliged  to  be  introduced  in  the  position  shown  by  the 
dotted  Unes,  in  order  to  prevent  the  centering  from  giving  way. 

In  constructing  bridges  over  cuttings  it  is  sometimes  practicable  to  dispense 
altogether  with  centerings.  On  the  Birmingham  and  Gloucester  Railway  a 
bridge  was  built  in  this  manner  of  blue  lias  hmestone.  The  span  is  60  feet, 
with  a  rise  of  10  feet ;  the  arch  is  composed  of  very  small  stones,  from  3  to  5 
inches  thick,  and  squared  to  about  9  inches  long  and  broad.  "  The  material 
of  the  cutting  where  the  bridge  is  situated  consisted  of  weak  slate  and  clay ; 
consequently  the  mode  of  construction  was  subjected  to  a  severe  test.  The 
abutments  being  completed  to  the  springing  height,  the  ground  was  cut  away 
roughly  to  the  form  of  the  arch ;  seven  rows  of  pegs  were  then  inserted,  with 
their  upper  ends  correctly  designing  the  proper  curve  ;  a  line  of  planks,  3  inches 
thick,  was  laid  transversely  beside  each  row  of  pegs,  and  upon  them  were 
placed  lines  of  battens  on  edge,  gauged  to  the  exact  profile  of  the  bridge ;  the 
earth  was  consolidated,  and  a  flooring  of  battens  laid  over  all,  to  form  a  true 
bed  for  the  soffits  to  rest  upon. 

"  From  the  absence  of  parallelism  in  the  Has  stones,  their  varying  thickness, 
and  the  difficult  adhesion  to  the  mortar,  it  was  deemed  necessary  to  introduce 

VOL.    VIII.  Q 


122  RAILWAYS. 

seven  transverse  bonds  of  freestone,  which  imparted  to  the  whole  structure  a 
tendency  to  settle  in  the  lines  of  the  radii  of  the  arch,  and  also  prevented  any 
rent  in  the  lias  masonry  from  proceeding  to  a  dangerous  extent :  these  freestone 
bonds  were  firmly  fastened  with  iron  cramps.  The  face  has  a  batter  of  1  in  9, 
from  the  springing  to  the  string-course,  in  order  to  counteract  any  tendency  to 
bulge  towards  the  faces,  or  in  the  line  of  the  least  resistance.  The  base  was 
also  extended,  and  the  crown  narrowed,  which  gave  a  concave  form  to  the 
string-course.  The  whole  arch  being  filled  in  with  the  full  depth  of  stone- 
work on  each  springing,  and  the  bonds  of  freestone  all  placed,  the  lines 
of  each  between  the  second  and  third  bonds  were  keyed  up,  and  then  those 
between  the  third  and  centre  bond,  which  thus  apparently  formed  the  key- 
stone. 

"  The  earth  centre  was  removed  by  cutting  a  heading  4  feet  6  inches  wide, 
directly  beneath  the  key-stone,  and  then  gradually  excavating  on  either  side 
uniformly  towards  the  abutments,  stopping  at  certain  intervals  to  allow  any 
settlement  to  take  place. 

"  By  proceeding  thus,  as  successive  portions  of  the  arch  were  left  to  their 
own  bearings,  regular  compression  ensued,  and  a  small  portion  only  of  the  work 
was  exposed  to  fracture  from  inequality  of  pressure  :  the  rising  of  the  haunches, 
which  generally  accompanies  any  undue  depression  of  the  crown,  appeared  by 
this  method  to  be  entirely  avoided."  ^^ 

The  settlement  of  the  arch  did  not  exceed  2^  inches,  and  the  experiment 
appears  to  have  answered  completely,  having  saved  time,  and  also  the  expense 
of  the  usual  wooden  centre,  beside  which  advantages,  the  bridge  was  ready 
when  the  cutting  reached  it. 

In  a  bridge  built  over  the  Dublin  and  Drogheda  Railway  on  the  lattice 
principle,  wrought  iron  has  been  introduced.  This  bridge  is  constructed  over 
an  excavation  36  feet  deep.  The  span  is  84  feet  in  the  clear,  and  the  two 
lattice  beams  are  supported  at  each  end  on  stone  abutments  built  in  the  slopes. 

These  beams  are  10  feet  in  depth,  and  are  formed  of  two  series  of  flat  wrought 
iron  bars,  2^  inches  by  jj  of  an  inch,  crossing  at  an  angle  of  4.')°.  At  a  height 
of  5  feet  G  inches  above  the  lower  edge,  transverse  bearers  are  fixed,  and  upon 
these  the  planking  for  the  roadway  was  laid. 

These  bearers  were  formed  of  ^-inch  angle  iron,  G  inches  deep,  and  placed 

'■'^  Minutes  of  Proceedings  of  Institution  of  Civil  Engineers,  printed  in  '  Civil  Engineer  and 
Architect's  Journal,'  vol.  iv.  p.  394. 
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2  feet  apart.  The  beams  were  cambered  12  inches  in  the  centre.  The  total 
cost  of  the  bridge,  including  the  masonr}^  of  the  abutments,  was  £510.  A 
description  of  this  bridge  was  presented  to  the  Institution  of  Civil  Engineers  in 
1844. 

The  Victoria  viaduct,  on  the  Durham  Junction  Railway,  "consists  of  four  large 
and  six  small  arches:  the  river  arch  is  of  160  feet  span,  the  adjoining  arch  is 
only  144  feet,  the  next  arch  on  either  side  is  100  feet,  and  the  three  land  arches 
on  each  side  20  feet  in  span ;  the  middle  pier  is  23  feet  9  inches,  and  the  other 
large  piers  21  feet  6  inches  in  width ;  the  length  of  a  pier  is  54  feet  from  point 
to  point,  and  above  the  springing  of  arches  31  feet  in  length.  Each  pier  has 
three  courses  of  footings,  altogether  5  feet  high ;  the  piers  are  not  solid,  but 
built  with  cross  walls  up  to  the  springing  level ;  over  the  arches  are  introduced 
spandril  and  cross  walls  ;  the  whole  being  flagged  over  to  receive  the  road 
materials.  The  piers  are  grounded  on  the  solid  rock,  but  the  south  abutment, 
being  over  quicksand,  required  to  have  an  artificial  foundation  of  piles,  sleepers, 
and  3-inch  Memel  planking,  in  two  thicknesses ;  the  piles  are  of  Scotch  fir, 
10  inches  diameter  and  14  feet  long,  and  driven  3  feet  apart.  The  lowest  part 
of  the  foundation  is  40  feet  below  the  ordinary  flood  level.  The  whole  length 
of  the  bridge  is  81 1  feet  9  inches  ;  and  the  top  width,  including  parapets,  which 
are  solid  and  4^  feet  high,  23  feet  3^  inches." — (Whishaw.) 

The  cost  was  £38,000.  The  quoins  of  the  two  larger  arches  are  of  Aberdeen 
granite ;  all  the  rest  of  the  bridge  is  built  of  stone  from  Pensher  Quarry,  in  the 
neighbourhood. 

On  the  Great  Western  Railway  there  are  four  bridge  works  of  considerable 
extent,  viz.,  the  Wharncliffe  viaduct,  over  the  Valley  of  the  Brent, — the  bridge 
over  the  Thames,  at  Maidenhead, — the  Bath  viaduct, — and  the  bridge  over  the 
Avon.  The  ^\Tiarnchffe  viaduct  is  of  brick-work,  with  stone  imposts,  cornices, 
and  copings;  it  has  eight  elliptical  arches,  each  70  feet  span  and  19  feet  rise, 
built  in  rings  ;  they  are  3  feet  thick  at  the  crown,  and  increase  to  nearly  double 
this  thickness  at  the  haunches. 

The  piers  are  in  hollow  panels,  and  average  13  feet  thick.  The  height  from 
the  ground  to  the  springing  is  40  feet  6  inches,  from  bottom  foundation  to  top 
of  parapet,  81  feet.     The  clear  width  between  the  parapet  is  30  feet. 

The  Maidenhead  bridge  is  built  chiefly  of  brick-work,  and  consists  of  two 
elliptical  arches  over  the  river,  each  128  feet  span,  with  a  rise  of  only  24  feet 
3  inches;  two  arches  adjoining  these,  each  21  feet  span;  and  six  end  arches, 
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three  on  each  side,  each  of  28  feet  span.  The  central  pier  is  30  feet  thick. 
The  principal  arches  are  63  inches  thick  at  the  crown,  and  85  inches  at  the 
haunches. 

The  Bath  viaduct  consists  of  sixty-five  segmental  arches,  varying  in  span 
from  19j  to  20|^  feet,  and  built  entirely  of  Bath  stone.  The  arches  are  3  feet 
thick  at  the  springing,  and  2  feet  at  the  crown. 

The  bridge  over  the  river  Avon  is  constructed  of  timber  framing  on  stone 
piers;  it  consists  of  two  openings,  each  89  feet  wide,  and  rising  16  feet 
9  inches. 

A  cast  iron  bridge,  built  for  carrying  the  Birmingham  and  Gloucester  Rail- 
way over  the  river  Avon,  is  remarkable  for  the  construction  of  the  piers.  The 
bridge  consists  of  three  segmental  arches  of  cast  iron,  each  57  feet  span  and 
5  feet  2  inches  rise.  The  arches  are  "  formed  externally  of  cast  iron  plates  or 
caissons,  filled  for  the  first  12  feet  from  the  bottom  with  sohd  masonry  or 
concrete,  upon  which  is  built  hollow  masonry  to  sup])ort  the  cap-plates,  which 
carry  eight  pillars  on  each  pier,  with  an  entablature,  to  which  are  attached  the 
ends  of  the  arches,  which,  w'ith  the  caps,  pillars,  and  entablature,  are  of  cast 
iron.     The  abutments  at  either  end  are  of  masonry. 

"  The  caissons  are,  at  the  bottom,  41  feet  6  inches  long,  and  16  feet  wide,  with 
semicircular  ends,  tapering  upwards  for  12  feet  on  all  sides  to  34  feet  6  inches 
long,  by  8  feet  6  inches  wide,  from  whence  they  rise  perpendicularly  for  the 
remaining  8  feet  9  inches.  They  are  constructed  of  cast  iron  flanched  plates, 
I  inch  thick,  screwed  together  by  bolts,  and  the  joints  made  with  iron  cement. 
The  total  weight  of  each  caisson  is  about  28  tons. 

"  The  bottom  of  the  river  at  the  site  of  each  pier  having  been  prepared  by  a 
scoop-dredger,  worked  from  a  platform  erected  upon  piles,  the  lower  row  of 
plates  for  the  caisson  w^as  put  together,  and  suspended  in  the  water  by  iron  rods, 
while  the  other  rows  were  added,  gradually  lowering  the  whole  as  the  work 
proceeded,  until  the  bottom  I'ested  on  the  bed  of  the  river.  A  quantity  of 
clay  was  then  thrown  round  the  outside,  which  formed  a  joint  so  imper- 
vious to  water,  that  with  two  pumps,  each  of  5,7  inches  square,  the  caisson 
was  emptied  in  six  hours,  and  was  afterwards  kept  dry  by  one  pump,  which 
was  worked  occasionally  during  the  subsequent  excavations  withinside  the 
caisson. 

"The  total  cost  of  the  bridge,  including  iron-work  and  painting,  masonry, 
subsequent   repairs  to  the  walls,   and  superintendence   during   construction, 
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was  £10,19:2;  and  the  weight  of  cast  and  wrought  iron  employed  was  about 
520  tons."-* 

On  the  same  railway  a  wooden  lattice  bridge,  on  the  American  principle,  has 
been  constructed  over  a  cutting  near  Bredon.  Tliis  bridge  is  117  feet  in  span, 
17^  feet  wide  in  the  clear,  and  about  the  same  height. 

The  Manchester  and  Birmingham  Railway  is  carried  over  Fairfield  Street,  at 
Manchester,  by  a  bridge  formed  of  six  cast  iron  ribs,  each  of  which  extends  to 
a  length  of  129  feet  6  inches,  and  has  a  versed  sine  of  12  feet.  These  ribs  are 
carried  in  cast  iron  abutment  sockets,  built  in  masonry:  from  these  the  ribs 
spring  at  right  angles  with  the  direction  of  the  railway;  but  the  street  beneath 
crosses  at  an  angle  of  24^°,  and  the  span  between  the  abutments,  measured  at 
right  angles  with  the  direction  of  the  street,  is  only  53  feet  5  inches.  The  whole 
weight  of  iron  in  this  arch  is  stated  to  be  540  tons. 

The  cast  iron  bridge  which  carries  the  London  and  Birmingham  Railway  over 
the  Regent's  Canal  is  50  feet  span,  and  adapted  for  four  lines  of  rails.  It  con- 
sists of  girders  parallel  at  top  and  bottom,  but  having  an  arch  cast  in  them  with 
intermediate  open  spaces  between  this  arch  and  the  top  and  bottom  lines. 
Each  girder  is  cast  in  two  pieces,  bolted  together,  each  25  feet  long,  besides  the 
length  which  bears  within  recesses  formed  in  the  abutments.  Two  of  these 
girders  are  fixed  parallel  to  each  other,  and  about  3  feet  apart.  This  pair  of 
girders  constitutes  one  rib,  of  which  there  are  three,  placed  parallel,  and  about 
28  feet  apart  between  centres ;  there  being  two  lines  of  railway  between  each 
two  ribs.  Below  each  of  the  outer  ribs  there  are  two  horizontal  tension  rods, 
and  below  the  middle  rib  there  are  four  similar  rods.  These  rods,  which  are  of 
wrought  iron,  3  inches  in  diameter,  are  secured  at  the  ends  of  the  girders 
in  sockets  with  keys  and  gibs,  and  they  have  also  intermediate  couplings  by 
which  they  may  be  tightened.  Between  the  two  girders  which  form  each  rib 
cross  bracing  frames  of  cast  iron  are  fixed,  at  about  6  feet  apart.  From  these 
frames  vertical  rods,  2|  inches  diameter,  are  suspended  in  sockets  and  held  by 
keys.  These  suspension  rods  pass  through  sockets  cast  in  the  ends  of  cast  iron 
girders,  which  they  thus  support,  being  retained  by  keys  below ;  and  upon  these 
transverse  girders  the  oak  bearers  for  chairs  and  rails  are  fixed.  Cast  iron 
covering  plates,  of  a  lattice  pattern,  are  fitted  in  between  the  rails.  The  two 
outside  girders  are  ornamented  with  open  bands  or  fillets  of  cast  iron,  bolted  to 

-''  Minutes  of  Proceedings  of  Institution  of  Civil  Engineers.     January,  1S44. 
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the  girders  in  lengths.  Cast  iron  plates  cover  the  spaces  between  the  girders, 
in  each  rib,  occupied  by  the  bracing  frames.  Detailed  engravings  of  this 
structure  will  be  found  in  the  '  Public  Works  of  Great  Britain.'  ^^  Two  bridges 
of  similar  construction  have  been  built  at  Leeds,  one  of  which  is  112,  the  other, 
152  feet  span. 

In  the  course  of  railway  making,  many  oblique  or  skew  bridges  have  been 
built  in  an  economical  manner  by  using  cast  iron  girders,  as  in  that  on  the 
Manchester  and  Birmingham  line  just  described.  In  these  cases  the  abutments 
merely  require  recesses  or  notches  to  be  formed  in  them,  giving  a  square  bearing 
for  the  abutment  plates,  so  that  these  may  bear  with  their  entire  rectangular 
surface.  Many  beautiful  examples  of  oblique  bridges  of  masonry  may  however 
be  instanced  among  railway  works.  On  the  London  and  Birmingham  line  the 
railway  is  carried  over  the  turnpike-road,  at  an  angle  of  32°,  by  an  oblique 
bridge,  built  of  bricks,  with  stone  skew-backs,  voussoirs,  string-courses,  and 
copings.  The  arch  is  21  feet  span  on  the  square,  and  39"627  feet  on  the  oblique 
face.  The  acute  angle  of  the  voussoirs  is  cut  off  at  right  angles  to  the  face  of 
the  arch,  and  the  cutting  is  gradually  dirainislied  to  the  opposite  or  obtuse 
quoin,  where  it  vanishes.  Thus  no  angle  less  than  a  right  angle  is  presented 
on  the  surface  of  any  part  of  the  work. 

On  the  Croydon  and  on  the  Midland  Counties  Railways,  brick  bridges  have 
been  built  in  parallel  sections  of  an  arch  which  is  square  with  the  road  or 
railway  to  be  carried.  On  the  latter  railway  a  bridge  of  this  kind  is  built  over 
it,  having  these  parallel  ribs  of  brick-work  about  4  feet  broad  on  the  square, 
elliptical  in  form,  and  42  feet  6  inches  span,  with  a  rise  of  1 1  feet.  The  plan 
of  the  abutments  thus  presents  a  series  of  notches  or  steps,  from  each  of 
which  one  of  the  brick  ribs  springs.  This  construction,  however,  requires, 
in  cases  of  great  obliquity,  either  very  thick  arches  or  very  narrow  ribs  of 
brick-work,  unless  intermediate  spandrils  arc  introduced  to  fill  up  the  spaces 
between  the  soffit  of  one  rib  and  the  extrados  of  the  adjoining  one.  Thus  an 
extra  expense,  or  an  inferior  bonding  and  strength,  will  be  incurred. 

A  method  has  been  adopted  of  forming  oblique  arches  by  building  the 
central  part  of  them  as  scjuare  arches,  springing  at  right  angles  from  the  abut- 
ments, and  filling  in  the  ends  left  at  the  acute  angle  on  either  side  with  courses, 
the  beds  of  which  are  worked  as  if  for  part  of  a  true  elliptical  arch.     This  is 

25  Weale.     Lonilon. 
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believed  by  some  to  be  a  readier  method  of  completing  the  work  than  by 
following  uniformly  through  the  arch  the  true  spiral  lines  of  which  it  should 
consist.  Some  bridges  were  constructed  on  the  Bolton  and  Preston  Railway 
in  the  compounded  manner  here  referred  to,  and  were  described  in  a  Paper 
read  before  the  Institution  of  Civil  Engineers  in  1842. 

In  the  construction  of  brick  or  stone  bridges  for  railways,  much  work  may 
be  saved  by  adopting  (where  allowed)  wooden  posts  and  rails  instead  of  solid 
parapets.  The  parapet  piers  may  in  this  case  be  built  out  upon  corbels  beyond 
the  face  of  the  bridge,  and  thus  the  same  clear  width  obtained  between  para- 
pets, and  from  1  to  2  feet  of  brick-work  in  thickness  be  saved  throughout  the 
work.  This  method  has  been  adopted  in  some  designs  for  brick  bridges  for 
railways  lately  prepared  by  the  writer.  A  tabulated  abstract  of  the  quantities 
in  a  few  of  these  may  be  introduced,  in  order  to  show  the  increasing  ratio  in 
which  the  quantities  are  augmented  by  additional  height  of  structure. 


TABLE  A. 

Brick  bi-idges  over  cuttings ;  30  feet  wide  clear  between  railings ;  arches  30  feet  span, 
1  foot  6  inches  thick. 


Depth  of  cutting,  or 

height  of  bridge. 

Feet. 

Excavation. 
Cubic  yards. 

Concrete. 
Cubic  yards. 

Brick-work. 
Culiic  yards. 

Stone-work. 
Cubic  feet. 

Wood-work. 
Cubic  feet. 

14 

98 

60 

330 

402 

42 

30 

112 

100 

530 

465 

124 

60 

915 

180 

1730 

924 

280 

These  are  all  of  similar  design  :  the  comparatively  great  quantity  of  stone  in 
the  14-feet  is  employed  in  imposts  of  that  material,  which  are  not  intended  in 
the  others.  All  the  designs  are  of  the  plainest  character,  and  all  the  sections 
are  of  studied  economy  in  quantity  of  material. 

The  following  Table,  compiled  from  other  designs  of  the  same  series,  will 
illustrate  not  only  the  similar  increasing  ratio  for  bridges  in  embankments,  but 
also  the  greater  quantity  of  material  required  for  bridges  in  embankments  than 
for  those  in  cuttinsrs. 
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TABLE  B. 
Brick  bridges  in  embankments  ;  ^0  feet  wide  clear  between  railings ;  arches  30  feet  span, 

1  foot  IO2  inches  thick. 


Height  of  embank- 
ment or  bridge. 
Feet. 

Excavation. 
Cubic  yards. 

Concrete. 
Cubic  yards. 

Brick-work. 

Cul)ic  yards. 

Stone-work. 
Cubic  feet. 

19 

15S 

80 

405 

478 

30 

278 

140 

545 

395 

50 

314 

157 

2290 

682 

The  comparatively  larger  quantity  of  stone  stated  for  the  1 9-feet  bridge  was 
required  for  coping  to  wing  walls,  while  the  other  bridges  are  without  such 
walls,  and  cut  into  the  bank,  which  is  trimmed  around  them.  A  tunnel 
bridge,  with  an  arch  2'  3"  thick,  in  a  40-feet  embankment  (slopes  H  to  1), 
contains  295  yards  of  excavation,  148  yards  of  concrete,  751  yards  of  brick- 
work, and  653  feet  of  stone-work. 

An  approximation  to  the  ratio  in  which  the  quantities  increase  for  oblique 
bridges,  and  for  various  angles  of  obliquity,  may  be  derived  from  the  following 
abstract  of  quantities  for  other  designs  in  the  same  series. 


TABLE  C. 


Brick  bridges  in  embankments,  at  various  angles  of  obliquity ;  30  feet  wide  clear  between 
railings;  arches  30  feet  span,  I  foot  10^  inches  thick. 


Height  of  embank- 
ment or  bridge. 
Feet. 

Angle  of 
oliHquity. 

Brick-work. 
Cubic  yards. 

Stone-work. 
Cu1)ic  feet. 

30 

80° 

1122 

414 

,, 

60° 

1198 

860 

40 

80° 

2000 

766 

„ 

G0° 

2394 

792 

„ 

40° 

2598 

1017 

,, 

30° 

3336 

1227 

50 

80° 

2348 

727 

50 

60° 

2616 

1184 

All  the  arches,  where  height  admitted,  are  semicircular,  and  of  30  feet  span. 
The  piers  are  in  all  cases,  where  practicable,  lightened  by  arched  openings  in 
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the  width  of  the  bridge.  Two  courses  of  footings  are  provided  for.  The 
arches  in  most  cases  spring  plain  from  the  pier,  without  stone  or  other  imposts 
projecting  either  on  the  side  or  face  of  the  pier. 

Tunnels. — Among  the  costly  and  laborious  works  of  a  railway,  its  tunnels 
occupy  the  first  place.  Like  mining,  and  all  other  subterranean  operations,, 
the  construction  of  a  tunnel  can  be  but  little  aided  by  mechanical  appliances  ; 
it  chiefly  requires  hard  manual  labour,  exercised  under  circumstances  which  do 
not  admit  of  that  thorough  superintendence  which  promotes  economy,  and, 
moreover,  liable  to  unforeseen  interruptions,  of  surmounting  which  neither  the 
manner  nor  the  expense  can  be  predetermined.  Thus  the  Kilsby  tunnel,  on 
the  London  and  Birmingham  Railway,  was  estimated  to  cost  about  £40  per 
yard  lineal ;  whereas  its  actual  cost  was  £  130  for  the  same  length,  owing  to  its 
intersecting  a  quicksand,  which  the  trial  borings  had  escaped.  Thus  a  vast 
expense  was  necessarily  incurred  in  setting  up  and  working  pumping  ma- 
chinery in  order  to  dry  the  sand.  The  pumps  brought  up  nearly  2000  gallons 
per  minute,  and  were  working  during  a  period  of  nine  months.  The  quick- 
sand extended  over  a  length  of  about  450  yards  of  the  tunnel.  The  Box 
tunnel,  on  the  Great  Western  Railway,  excavated  through  oolite  rock,  and 
being  lined  with  masonry  only  through  a  portion  of  its  length,  cost  upwards  of 
£100  per  lineal  yard.  The  Bletchingley  tunnel,  on  the  South  Eastern  Rail- 
way, cost  £  72  per  lineal  yard ;  and  the  Saltwood  tunnel,  on  the  same  line  of 
railwav,  cost  £118  per  lineal  yard.  This  greater  cost  in  the  latter  work  was 
occasioned  by  the  great  body  of  water  in  the  lower  green  sand  which  the 
tunnel  intersects.'^'' 

The  method  of  proceeding  with  tunnelling  depends  mainly  upon  the  kind  of 
material  to  be  excavated.  This  having  been  generally  ascertained  by  borings 
and  trial  shafts,  the  work  is  commenced  by  sinking  the  working  shafts,  which 
must  be  sufficiently  capacious  to  admit  readily  of  lowering  men  and  materials, 
raising  the  material  excavated,  fixing  pumps,  and  also  for  starting  the  heading 
of  the  intended  tunnel  when  the  required  depth  is  reached.  Besides  the  trial 
and  working  shafts,  air-shafts  are  sunk  for  the  purpose  of  etfecting  ventilation 
in  the  works  below. 

The  working  shafts  are  made  cylindrical,  and  from  8  to  10  feet  internal 

^  The  description  given  of  the  construction  and  cost  of  the  two  tunnels  on  the  South  Eastern 
Railway,  by  Mr.  Simms,  in  his  treatise  on  '  Practical  Tunnelling,'  is  most  complete  and  instructive. 
VOL.  VIII.  R 
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diameter:  9  feet  is  a  favourite  dimension.  Tliey  are  of  brick-work,  usually 
9  inches  thick,  and  carried  up  8  or  10  feet  above  the  surface  of  the  ground, 
finished  with  stone  coping.  These,  and  all  other  shafts,  rest  upon  curbs  of 
cast  iron,  fitted  into  the  crown  of  the  tunnel,  and  forming  a  level  base  for 
the  shaft.  The  air-shafts  are  of  similar  thickness  and  form,  but  usually  about 
3  feet  internal  diameter.  They  should  not  be  allowed  to  be  sunk  near  to  the 
working  shaft,  or  at  a  less  distance  than  50  yards  from  it.  All  the  shafts  are, 
of  course,  sunk  on  the  centre  line  of  the  intended  tunnel.  In  the  Bletchingley 
tunnel,  the  trial  shafts,  6  feet  diameter  in  the  clear,  9  inches  thick,  and  3.5^ 
yards  deep,  cost  £  6  per  yard  down  through  the  Weald  clay.  A  similar  shaft 
in  the  Saltwood  tunnel,  25  yards  deep,  cost  £4.  15s.  per  yard  down,  in  the 
lower  green  sand.  Horse-gins  are  usually  employed  in  raising  and  lowering 
the  materials,  &c.,  and  also  in  drawing  the  water  up  the  shafts,  unless  large 
pumps  be  used  and  worked  by  steam  power.  Mr.  Simms  calculated  the 
expense  of  horse  labour  thus  exercised  at  2fd.  per  ton  lifted  100  feet  high,  and 
including  the  boy  to  drive  the  horse. 

The  number  of  working  shafts  will  depend  chiefly  upon  the  rate  of  speed 
with  which  the  work  is  required  to  be  accomplished.  With  plenty  of  men, 
horses,  materials,  and  plant,  the  work  is  much  facilitated  by  sinking  extra 
shafts,  and  will  usually  well  repay  their  cost.  The  Watford  tunnel,  75  chains 
in  length,  on  the  London  and  Birmingham  Railway,  was  specified  to  be 
worked  with  six  shafts,  not  less  than  8  feet  diameter  within  the  brick-work, 
and  9  inches  thick ;  the  brick-work  moulded  to  fit  the  circumference  of  the 
shaft,  and  laid  in  two  half-brick  rings  ;  an  air-shaft  at  a  distance  of  50  yards 
on  each  side  of  each  working  shaft,  and  not  less  than  3  feet  6  inches  diameter 
inside  ;  the  arch  and  side  walls  of  the  tunnel,  usually  two  bricks  thick,  and 
the  invert,  one  and  a  half-brick,  except  in  places  where  the  stratum  passed 
through  seemed  to  require  an  increased,  or  admit  a  diminished  thickness. 
The  form  of  the  top  of  the  tunnel  is  nearly  semicircular,  supported  by  curved 
side  walls  standing  on  stone  footings  or  skew  backs,  which  rest  on  the  invert 
forming  the  base  of  the  tunnel.  The  ends  of  the  tunnel  are  formed  with  wing 
walls.  The  brick-work  at  the  ends  of  the  tunnel  is  bound  by  wrought  iron 
rods  100  feet  long,  secured  at  each  end  in  a  cast  iron  rim  or  plate  built  into 
the  brick-work. 

The  Northchurch  tunnel,  which  is  1(5  chains  in  length,  on  the  same  line  of 
railwav,  was    worked  with    two    shafts,  each  9  feet  diameter.     In    the    cou- 
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struction  of  this  tunnel,  a  heading  was  driven,  4  feet  wide,  and  5  feet  high, 
throughout  the  entire  length  of  the  tunnel,  and  between  two  shafts  sunk  for 
this  purpose,  one  near  each  end  of  it.  It  was  speci6ed  that  this  heading 
should  be  driven  through  before  any  part  of  the  tunnel  was  commenced,  and 
supported  and  kept  open  during  the  execution  of  the  entire  work  by  sufiScient 
timbering. 

In  commencing  the  works  of  the  Saltwood  tunnel,  already  referred  to,  great 
difficulty  was  encountered  from  the  great  quantity  of  water  in  the  lower  green 
sand  which  the  tunnel  intersects.  The  course  adopted  was  to  make  a  heading 
or  adit  quite  through  the  hill  on  a  level  with  the  bottom  of  the  tunnel,  in 
which  the  water  was  collected  and  drained  off.  The  size  of  this,  and  also 
of  the  Bletchingley  tunnel,  is  24  feet  wide  at  the  broadest  part,  30  feet  in- 
cluding the  side-walls ;  25  feet  high  in  the  clear,  30  feet  including  the  invert 
and  top  arch,  or  21  feet  clear  above  level  of  rails.  The  brick-work  in  top 
arch  and  walls  varied  from  two  and  a  half  to  four  bricks  in  thickness  ;  the 
invert  three  bricks  thick. 

^Yllen  water  occurs  in  the  sinking  of  the  shafts  or  the  building  of  the  tunnel, 
the  back  of  the  brick-work  should  be  well  lined  with  puddle,  and  Roman  or 
metallic  cement  substituted  for  mortar.  The  whole  of  the  Kilsby  tunnel,  on 
the  London  and  Birmingham  Railway,  was  built  in  either  Roman  or  metallic 
cement,  and  the  thickness  of  the  brick-work  is  chiefly  27  inches.  This  tunnel 
is  about  2423  yards  long,  and  its  length  is  divided  by  two  ventilating  shafts, 
cylindrical,  and  60  feet  in  diameter.  These  shafts  are  3  feet  thick  in  brick- 
work, laid  in  Roman  cement  throughout.  Tliey  intersect  the  line  of  the  tunnel, 
and  form  curved  recesses  by  that  portion  of  their  circumference  which  extends 
beyond  the  width  of  the  tunnel  on  either  side.  These  shafts  were  built  from 
the  top  downwards,  by  excavating  for  small  portions  at  a  time,  from  6  to  12 
feet  in  length,  and  10  feet  deep. 

The  Box  tunnel,  on  the  Great  Western  Railway,  intersects  oolite  rock, 
forest  marble,  and  lias  marl,  with  fullers'  earth.  Eleven  principal  shafts, 
generally  25  feet  in  diameter,  and  four  intermediate  shafts,  12  feet  6  inches, 
were  sunk  for  the  purpose  of  carrying  on  the  works  of  this  tunnel,  the  entire 
length  of  which  is  3123  yards,  or  a  httle  more  than  If  miles.  The  section  of 
the  tunnel  is  designed  to  be  27  feet  6  inches  wide  at  springing  of  invert,  and 
30  feet  wide  at  a  height  of  7  feet  3  inches  above  this ;  clear  height  above  rails 
25  feet.     As  a  great  portion  of  the  tunnel  is  constructed  by  mere  excavation. 
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and  without  masonrj^  these  dimensions  are,  in  some  cases,  departed  from,  in 
order  to  clear  away  loose  portions  of  the  stone  and  secure  solid  surfaces. 
WTiere  brick-work  is  used,  the  sides  are  seven  half-brick  rings  in  thickness, 
the  arch  six,  and  the  invert  four.  During  the  construction,  the  constant  flow 
of  water  into  the  works  from  the  numerous  fissures  in  the  rock,  compelled 
pumping  on  a  most  expensive  scale  to  be  adopted.  From  November,  1837,  to 
July,  1838,  the  works  were  suspended,  the  water  having  gained  so  completely 
over  the  steam  pump  then  employed,  that  the  portion  of  the  tunnel  then  com- 
pleted was  filled  with  water,  as  also  a  height  of  56  feet  in  the  shafts.  A  second 
pump,  worked  by  a  steam  engine  of  50  horse-power,  was  appUed,  and  enabled 
the  works  to  be  resumed. 

When  the  working  shafts  are  sunk  sufficientlv  deep,  a  narrow  heading  is 
excavated,  from  G  to  12  feet  in  length,  3  or  4  feet  wide,  and  high  enough  for 
a  man  to  work  in.  The  top  of  this  heading  should  be  so  much  above  the 
intended  soffit  of  the  tunnel-arch  as  to  admit  the  thickness  of  the  brick-work, 
besides  the  bars  of  timber  and  boarding  by  which  the  roof  of  the  heading  is 
supported,  and  also  allowing  several  inches  for  the  settlement  of  the  timber, 
which  always  occurs  as  the  excavation  is  proceeded  with,  and  before  the  brick- 
work can  be  got  in. 

This  allowance  is  of  the  utmost  importance,  as  without  it  the  brick-work  will, 
when  the  settlement  occurs,  be  forced  down,  and  can  only  be  raised  to  its 
proper  level  by  removing  the  superincumbent  earth  piecemeal,  and  at  great 
cost.  The  bars,  and  poling  and  packing  boards,  are  introduced  in  the  most 
convenient  manner,  according  to  the  nature  of  soil  excavated  and  the  degree  in 
which  it  requires  support,  or  may  be  safely  left  unsuj)ported. 

The  heading  is  extended  on  either  side  by  cutting  first  narrow  gaps  hori- 
zontally, or  rather  dipping  downwards  in  directions  following  the  intended 
form  of  the  tunnel-arch.  Into  these  gaps  crown  bars  are  laid  lengthwise,  and 
supported  upon  props;  and  poling  boards  are  put  in  between  them,  to  retain 
the  earth  at  the  sides  of  the  excavation,  when  extended.  When  the  heading 
has  tlius  been  widened  by  excavating  right  and  left,  and  a  sufficient  length 
cleared,  the  centerings  are  fixed,  and  the  brick-work  is  commenced.  As  this 
proceeds  the  earth  is  carefully  rammed  behind  it,  and  all  vacancies  filled  up, 
to  prevent  any  subsequent  settlement  of  the  surrounding  eai'th  upon  it.  The 
crown  bars  which  were  inserted  in  the  heading,  and  always  during  the  excava- 
tions, are  not  always  removed.     If  they  can  be  drawn  forward  as  the  heading 
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advances,  without  disturbing  the  adjacent  ground,  and  the  spaces  filled  up  with 
broken  stone,  or  other  suitable  material,  no  objection  can  arise  ;  but  otherwise 
they  should  be  allowed  to  remain,  and  be  built  in.  The  whole  of  the  operations 
require  carefully  regulating,  so  that  none  of  them  shall  advance  too  rapidly  for 
those  which  follow.  The  contractors  are  therefore  usually  restricted  to  carry 
the  excavation  not  more  than  6  or  8  feet  in  advance  of  the  brick-work,  or  less, 
if  so  directed  by  the  engineer,  should  any  change  occur  in  the  strata  which  he 
thinks  may  require  such  precaution.  When  the  faces  of  two  contiguous  ex- 
cavations approach  within  about  50  yards  of  each  other,  a  heading  should  be 
driven  quite  through  the  intervening  ground,  and  the  workings  joined  before 
the  whole  excavation  and  brick-work  are  proceeded  with. 

Experience  has  proved  that  the  quality  of  the  bricks  used  in  tunnel-work  is 
of  the  utmost  importance.  If  these  contain  lime  on  which  the  weather  operates 
injuriously,  the  face  of  the  work  soon  decays,  and  requires  extensive  repair  or 
restoration.  This  was  the  case  with  the  Beechwood  tunnel  on  the  London 
and  Birmingham  Railway,  which  in  less  than  three  years  was  considered  to  be 
in  an  unsafe  condition,  owing  to  this  cause.  The  remedy  adopted  was  of  the 
most  complete  character;  it  consisted  in  an  entirely  new  lining  of  brick-work, 
9  inches  thick.  This  tunnel  is  about  302  yards  long,  and  passes  through  strata 
consisting  of  alternate  layers  of  rock  and  marl,  abounding  with  springs  of 
water.  By  judicious  arrangement,  the  lining  was  completed  in  forty  days. 
The  traffic  being  diverted  to  one  of  the  two  lines  of  rails  which  are  laid  in  the 
tunnel,  and  a  hoarding  erected  along  the  centre,  the  casing  was  carried  up  on 
one  side  to  the  height  of  4  ft.  6  in.  above  the  springing.  At  this  point  a  course 
of  York  paving,  4^  inches  thick,  was  bonded  into  the  original  work,  and  the 
new  work  was  securely  attached  beneath  it  with  wedges  of  iron ;  half-brick 
toothings  were  also  inserted  in  chases  cut  2  ft.  3  in.  apart  in  the  original  work. 
The  traffic  was  then  turned  into  the  line  on  the  side  thus  cased,  and  the  other 
wall  was  similarly  treated.  Bearers  were  then  fixed  6  feet  apart  over  head, 
and  a  close  flooring  laid  upon  them.  Upon  each  bearer  a  pair  of  ribs  were 
raised,  and  keyed  stays  and  laggings  were  fixed,  and  the  brick-work,  in  English 
bond,  brought  up  on  each  side  simultaneously,  leaving  a  central  space  2  ft.  3  in. 
wide  at  the  crown.  A  moveable  centre  of  this  length  was  used  to  close  in  this 
space  with  two  half-brick  rings.  Vertical  chases,  4.j  inches  square,  besides 
those  cut  for  the  toothings,  were  made  in  the  face  of  the  old  walls  previous  to 
lining.  These  formed  permanent  drains,  terminating  in  the  culvert  beneath 
the  centre  of  the  tunnel. 
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SECTION  IV. 

PERMANENT    WAY    AND    CONSTRUCTION. 

Under  this  Section  it  is  proposed  to  give  a  general  notice  of  those  works 
which  may  be  considered  as  constituting  properh-  the  railway. 

Supposing  the  level  for  the  intended  hne  to  be  obtained  as  far  as  the  height 
of  embankments,  the  depth  of  cuttings,  and  the  upper  surface  of  bridges  or 
viaducts  under  the  railway,  are  concerned,  the  works  wiU  have  attained  what  is 
called  the  formation  level,  and  be  ready  for  the  construction  of  the  Permanent 
Way.  This  comprehends  a  surface  covering  of  gravel,  cinders,  or  other  similar 
ballasting,  in  which  the  sleepers  are  to  be  embedded.  The  sleepers,  according 
as  they  are  laid  transversely  to  the  direction  of  the  railway  or  longitudinally 
with  it,  will  support  chairs,  in  which  the  rails  will  be  carried,  or  will  have  the 
rails  themselves  bolted  down  at  once  upon  them.  This  part  of  the  work  includes 
also  the  contrivances  by  wliich  a  communication  is  made  between  one  line  of 
rail  and  another,  for  the  passage  of  engines  and  carriages  :  these  contrivances 
consist  of  crossings  and  turn-plates. 

For  the  ballasting,  which  should  usually  be  from  18  to  24  inches  in  thickness, 
several  materials  may  be  used,  according  to  the  facility  of  obtaining  them  in  the 
neighbourhood  of  the  works.  Loam  may  be  used  for  this  purpose,  but  is  not 
so  good  as  other  materials.  On  the  Aylesbury  Railway  a  mixture  of  chalk  and 
flints  is  used  with  much  success. 

Tlie  ballasting,  22  inches  thick,  employed  on  the  Birmingham  and  Gloucester 
Railway,  and  which  chiefly  intersects  strata  of  marl  and  lias  clay,  is  of  several 
kinds,  viz.,  burnt  clay,  burnt  marl,  rock  marl,  gravel,  sandstone,  cinders,  and 
broken  lias  and  oolite  stone.  On  the  Bolton  and  Leigh  and  Clarence  Railways 
the  ballast  is  entirely  of  small  coal,  which  answers  extremely  well.  On  the 
Chester  and  Birkenhead,  Chester  and  Crewe,  and  other  lines,  a  mixture  of  sand 
and  broken  stone  has  been  employed.  On  many  of  the  Enghsh  railways,  also 
on  the  Dublin  and  Kingstown,  the  ballasting  consists  of  gravel  and  broken  hme- 
stone,  which  makes  a  very  superior  and  binding  material.  In  other  cases  gravel 
alone  is  used,  also  a  mixture  of  gravel  and  sand  ;  broken  stone  alone  has  been 
sometimes  employed,  but  is  found  to  be  somewhat  deficient  in  the  property  of 
binding.  Gravel  and  loamy  sand  have  been  used,  not  in  the  mixed  state,  but 
in    two   separate  layers,   the   sand  upon  the  gravel.     On   the   London   and 


RAILWAYS.  ISf) 

Birmingham,  and  also  on  many  of  the  Belgian  railways,  this  plan  has  been 
adopted  with  success.  On  the  North  Union  Railway  the  ballasting  consists  ot 
sand,  with  an  upper  layer  of  broken  stone,  4  inches  in  thickness.  On  the 
Dublin  and  Drogheda  Railway,  as  stone  was  readily  procured,  the  whole  surface 
of  the  line  was  pitched  transversely  with  thin  stones  ;  upon  this  a  good  bed  of 
broken  stone  was  laid  for  ballast.  A  similar  plan  was  adopted  by  Mr.  Telford 
on  the  Holyhead  road. 

The  foundations  for  the  permanent  way  are  now  almost  exclusively  formed 
of  timber.  Originally  blocks  of  stone  were  used  for  this  purpose :  two  holes 
were  drilled  upon  the  upper  surface  of  each  block  to  receive  wooden  pins  or 
trenails ;  and  the  cast  iron  chairs  to  support  the  rails  were  secured  by  iron 
spikes  driven  into  these  pins.  The  blocks  of  stone  were  from  21  to  24  inches 
square,  and  from  10  to  14  inches  in  thickness.  They  were  embedded  in  the 
ballasting,  sometimes  square  with  the  railway,  and  at  other  times  diagonally  to 
it.  Many  objections  were  experienced  against  the  use  of  these  blocks.  Thus, — 
they  offered  no  security  for  preserving  the  gauge  of  the  line :  the  tendency  of 
the  weight  passing  over  the  rails  being  of  course  to  thrust  them  asunder,  the 
stone  blocks  yielded  to  this,  except  as  far  as  their  own  weight  and  the  rigidity 
of  the  rails  themselves  offered  a  resistance.  Besides  this,  it  was  found  that  the 
excessive  weight  of  the  blocks  disturbed  the  stability  of  the  bridges  and  other 
constructed  works.  For  these  reasons  timber  was  selected  as  a  substitute,  and 
has  been  since  used  mainly  in  two  ways, — either  as  cross  sleepers,  each  being 
wide  enough  to  support  the  pair  of  chairs  which  determine  the  gauge  of  the 
line, — or  in  the  form  of  longitudinal  timbers,  to  which  a  rail  formed  with  bottom 
flanches  may  be  bolted  without  chairs ;  these  longitudinal  timbers  being  con- 
nected by  cross  ties,  halved  or  dovetailed  into  the  longitudinal  timbers.  For 
the  cross  sleepers,  which  are  required  from  7  to  9  feet  in  length  for  the  4-8^-feet 
gauge,  half-round  logs  of  beech,  Scotch  fir,  or  larch,  are  usually  found  the  most 
convenient.  They  should  be  cut  from  timber  averaging  9  to  1 1  inches  in 
diameter.  Figs.  8,  9,  10,  and  11,  Plate  XXXVIII.,  show  the  two  forms  of 
construction  hereinbefore  pointed  out,  viz.,  the  cross  sleepers  with  chairs,  and 
the  longitudinal  timbers  without  them.  The  latter  system,  having  been  selected 
for  its  superior  stiffness  by  Mr.  Brunei,  as  being  peculiarly  applicable  to  his 
7-feet  gauge,  has  become  somewhat  identified  with  the  '  wide  gauge,'  but  is 
not  by  any  means  peculiar  to  it,  being  applied  on  narrow-gauge  lines  with  chairs 
and  without  them.    Fig.  8  is  a  plan  of  a  portion  of  a  double  Une  of  railway  laid 


136  RAILWAYS. 

upon  cross  sleepers,  in  which  a  a  are  the  rails,  b  b  are  the  chairs,  and  c  c  the 
cross  sleepers.  Fig.  9  is  a  longitudinal  section,  showing  sections  of  the  sleepers  ; 
the  four  marked  c  are  represented  as  they  have  heen  commonly  used,  viz.,  with 
the  cut  or  flat  surface  of  the  timber  downwards,  and  the  level  space  to  receive 
the  chairs  being  adzed  upon  the  upper  surface.  It  has  been  supposed  that  by 
thus  placing  the  sleepers  a  wide  and  level  bearing  has  been  secured  for  them. 
On  the  South  Eastern  Railway,  however,  Mr.  Cubitt  has  introduced  an  arrange- 
ment shown  in  the  three  sections  marked  d,  d,  d,  fig.  9.  These  sleepers  are  of 
Baltic  fir,  cut  from  square  baulks,  divided  diagonally  into  four  triangular 
sleepers,  and  laid  with  the  right  angle  downwards.  These  are  sometimes 
contrasted  with  half-baulks,  which  present  no  more  bearing  surface  for  the 
chairs  than  do  these  triangular  or  quarter-baulk  sleepers,  and  yet  contain  twice 
the  quantity  of  timber.  This  comparison  is  however  evidently  inapplicable, 
unless  square  timber  be  proposed,  which  is  much  more  expensive,  and  less 
readily  attainable,  than  the  rough  logs  commonly  used  for  cross  sleepers.  It  is 
said  that  the  triangular  sleepers  offer  advantages  in  the  facility  of  packing,  as 
the  ballast  can  be  consolidated  by  ramming,  without  lifting  the  sleeper  or  digging 
around  it ;  and  also  the  apparent  disadvantage  of  its  tendency  to  act  as  a  wedge 
is  denied,  on  the  ground  that  the  inclination  of  90°  exceeds  the  limits  within 
which  the  principle  of  the  wedge  obtains.  The  evident  advantage  of  not 
requiring  to  be  adzed  for  the  chairs,  has  been  relinquished  by  Mr.  Cubitt,  who, 
for  greater  exactness,  caused  two  places  to  be  planed  on  his  sleepers  for  the 
chairs  to  bed  upon. 

The  distances  at  which  the  cross  sleepers  are  placed  apart  must  be  an  aliquot 
jiart  of  the  lengths  of  which  the  rails  are  made  ;  but  this  distance  cannot  exceed 
;3  feet  9  inches  without  requiring  a  much  heavier  and  more  expensive  section 
of  rail  than  will  be  sufficient  if  an  extra  sleeper  be  supplied  for  each  1 5  feet 
length  of  rail,  by  which  the  distance  apart  will  be  reduced  to  3  feet.  In  some 
cases  a  distance  of  2  feet  6  inches  is  adopted,  and  indeed  the  greater  economy 
of  frequent  sleepers  with  light  rails  and  small  chairs,  and  the  greater  steadiness 
and  c(]uality  of  motion  given  to  the  carriages  by  this  arrangement,  are  now  gene- 
rally admitted. 

The  construction  exhibited  in  figs.  10  and  11  is  that  now  adopted  on  the 
Great  Western  Railway,  and  other  lines  connected  with  it.  A  different  ar- 
rangement was  tried  upon  this  line :  instead  of  cross  ties,  lying  flush  with  the 
longitudinal  timbers,  cross  beams  or  transoms  of  pine  timber,  13  inches  by 
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6  inches,  were  framed  beneath  the  longitudinal  sleepers.  These  transoms  were 
placed  at  15  feet  apart,  and  were  of  sufficient  length  to  embrace  the  two 
lines  of  railway,  or  the  four  longitudinal  sleepers.  Piles  of  beech  timber, 
about  9  inches  in  diameter,  and  8  feet  in  length,  w-ere  driven  down  into 
the  ground  adjoining  the  transoms,  and  bolted  to  them.  This  plan  has  been 
abandoned  in  favour  of  that  showm  on  figs.  9,  10,  and  11.  The  longitudinal 
timbers  are  12  by  6  inches,  and  the  cross  timbers  6  by  4  inches. 

Figs.  1  to  7  represent  the  sections  of  seven  varieties  of  rails :  of  these,  that 
shown  in  fig.  1,  which  is  known  as  a  double  T  rail,  has  been  used,  with 
difference  of  dimensions,  on  many  railways,  laid  to  the  4  feet  8^  inches,  or 
Birmingham  gauge.  The  figure  shows  exactly  that  adopted  on  the  Aylesbury 
Railway. 

Fig.  2  shows  one  of  the  sections  used  on  the  Birmingham  and  Gloucester 
Railway,  and  may  be  taken  as  an  example  of  another  class,  having  the  bottom 
web  extended  laterally  and  bevelled  off  at  the  sides.  The  entire  section  is  much 
less  in  depth  than  the  double  T  rail. 

Fig.  3  is  an  example  of  the  Great  Western,  or  '  bridge-rail,'  adapted  for 
longitudinal  sleepers,  and  bolted  to  them  by  bolts  passing  through  its  lower 
webs  or  flanches. 

Fig.  4  shows  one  of  the  sections  employed  upon  the  Liverpool  and  Manchester 
Railway,  having  the  top  surface  inclined  and  curved,  with  a  view  to  correspond 
with  the  lip  and  conical  tire  of  the  w^heel. 

Fig.  5  is  a  section  of  the  rail  used  on  the  London  and  Croydon  Railway, 
and  presents  a  combination  of  the  T  rail  with  the  broad  base  of  the  bridge-rail. 
Like  the  latter,  tliis  rail  is  adapted  to  be  bolted  down  upon  longitudinal  sleepers. 
Fig.  6  shows  the  section  of  rail  employed  upon  the  Brandhng  Junction  Rail- 
way, and  is  similar  to  that  used  on  the  Newcastle  and  Carlisle,  and  other  lines. 
Fig.  7  represents  the  single  T  section  which  has  been  used  on  several  lines. 
The  figure  shows  that  selected  for  the  Chester  and  Birkenhead  Railway. 

The  sections  1,2,4,  and  6,  may  be  secured  in  the  chairs  which  support  them 
by  wooden  keys,  wedges,  or  other  means;  3  and  4  are,  as  already  described, 
secured  by  bolts  to  longitudinal  timbers  ;  and  fig.  7  requires  a  notch  on  the  side, 
into  which  a  ball  key  or  other  projection  may  be  driven  from  the  chair  to 
prevent  the  rail  rising. 

Plate  XXXIX.  contains  representations  of  the  chairs  which  have  been  chiefly 
used  and  approved  of  for  supporting  the  rails. 
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Figs.  1,  2,  3,  and  4  exhibit  the  chairs  introduced  by  Mr.  G.  Stephenson, 
and  which  are  especially  adapted  for  the  single  T  rail. 

Fig.  1  is  a  section,  and  fig.  2  a  plan,  of  one  of  the  intermediate  chairs.  The 
novelty  in  this  chair  consists  in  the  mode  in  which  the  rail  is  retained  in  its 
place,  and  prevented  from  rising.  The  rails  are  rolled  with  an  angular  notch 
along  one  side  of  them.  The  chair  is  formed  with  a  cylindrical  hole  through 
one  of  the  cheeks,  and  at  such  a  height  that  will  correspond  with  the  position 
of  the  notch  in  the  rail  when  supported  in  the  chair.  Through  this  hole  a 
small  iron  ball  is  introduced ;  a  spUt  key  is  then  driven  through  a  hole  in  the 
cheek,  w^hich  also  crosses  the  groove  in  which  the  ball  is  placed :  the  ball  is 
thus  forced  into  the  notch  on  the  rail,  and  by  this  contrivance  the  latter  is 
effectually  confined  in  its  position  vertically,  and  yet  permitted  to  move  longi- 
tudinally when  any  alteration  takes  place  in  the  length  of  the  rail  or  the  position 
of  the  chair. 

Figs.  3  and  4  show  a  section  and  plan  of  one  of  the  joint  chairs,  in  which  the 
Ijall  apparatus  is  provided  on  each  side  of  the  chair,  so  as  to  act  against  the 
two  rails.  The  main  web  of  each  rail  is  turned  off  at  the  ends  at  an  angle  with 
its  length,  so  that  the  webs  of  each  two  contiguous  rails  may  be  lapped  against 
each  other  without  interrupting  the  uniform  direction  of  their  top  tables,  which 
are  notched  out  to  meet  over  the  lap.  The  joint  chairs,  as  wull  be  seen  by  fig.  4, 
are  placed  obhquely  to  the  line  of  railway. 

Fig.  5  shows  a  section  of  a  wrought  iron  rail  and  chair  which  has  been  used 
in  America,  and  is  described  in  the  '  Civil  Engineer  and  Architect's  Journal.'^' 
In  this  case  B  is  the  wrought  iron  chair,  which  is  simply  a  rectangular  piece  of 
metal,  notched  on  the  upper  surface  to  fit  the  bottom  flanch  of  the  rail,  and 
having  two  bolt-holes  formed  in  it.  C  C  are  WTOUght  iron  clamping  pieces, 
formed  at  one  end  to  fit  upon  the  flanch  and  against  the  web  of  the  rail.  Each 
of  these  clamping  pieces  has  a  bolt-hole  through  it,  so  that  when  put  together, 
in  the  manner  represented  in  fig.  5,  the  sleeper,  chair,  rail,  and  clamps,  are 
securely  connected  by  two  screwed  bolts  and  nuts. 

Fig.  6  shows  the  ordinary  chair  used  on  the  London  and  Birmingham, 
and  other  hues,  and  is  one  of  the  simplest  and  most  efficacious  designs  to 
be  used  with  the  double  T  rails.  The  space  for  the  rail  in  this  chair  is  straight 
on  one  side,  but  curved  inwards  on  the  other.     Into  this  curved  recess  the 

2!'  Vol.  i.  page  169. 
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lower  flanch  of  the  rail  enters  ;  the  space  then  left  between  the  straight  cheek  of 
the  chair  and  the  other  side  of  the  web  of  the  rail  is  occupied  by  a  wooden  key 
or  wedge,  which  is  driven  in  until  the  rail  becomes  firm  in  the  chair.  So  long 
as  this  key  retains  its  place,  the  rail  evidently  cannot  move  sideways  so  that  its 
lower  flanch  shoidd  escape  from  its  recess  in  the  chair,  W'hile  the  key  itself  is 
prevented  from  starting  upwards  by  the  projection  of  the  top  flanch  of  the  rail. 
After  dr}'  weather,  if  the  keys  shrink  so  as  to  become  loosened,  they  are  readily 
replaced  by  a  blow  from  the  mallet.  This  defect  is,  however,  obviated  in  a 
great  degree  by  previously  compressing  the  keys.  This  has  been  very  success- 
fully done  on  the  South  Eastern  Railway,  under  the  patent  process  of  Messrs. 
Ransom  and  May,  a  description  of  which  may  be  usefully  quoted  from  the 
Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers,  in  March, 
1842.2« 

"  Mr.  ;May  explained  that  the  peculiarity  of  the  system  consisted  in  the 
fibre  of  the  timber  being  compressed  equally  from  the  circumference  to  the 
centre. 

"The  pieces  of  wood  for  the  wedges  were  cut  out  with  parallel  sides,  and 
forced  by  hydrauUc  presses  into  tapering  moulds :  whilst  in  those  moulds  they 
w-ere  subjected  to  the  action  of  heat,  apphed  through  the  medium  of  low- 
pressure  steam,  and  after  being  allowed  to  cool  they  were  forced  out  of  the 
moulds,  and  so  long  as  they  were  kept  drj'  would  retain  their  form ;  but  as 
the  operation  simply  contracted  the  dimensions  of  the  sap -vessels,  without 
crushing  the  fibre,  the  power  of  capillary  attraction  was  not  destroyed,  and  when 
driven  into  the  chair,  and  exposed  to  moisture,  they  swelled  so  as  to  remain 
perfectly  tight.  There  was  this  difference  between  wedges  so  compressed  and 
all  others, — that  a  true  wedge  was  formed  from  a  piece  of  wood  cut  parallel  on 
all  sides,  whilst  all  former  modes  that  he  was  acquainted  with  produced  not 
•wedges,  but  parallel  pieces. 

"  The  diminution  of  the  bulk  of  the  trenails  by  the  process  is  from  100  to  63, 
and  of  the  wedge  from  100  to  80.  It  is  found  that  the  wood  does  not  swell 
until  it  is  placed  in  a  damp  situation,  as  in  the  sleepers.  Even  the  most  solid 
wood,  such  as  African  teak,  can  be  compressed  without  sustaining  injury. 
Perfectly  seasoned  timber  will  not  shrink  after  the  process.  One  of  the 
principal  advantages  of  the  compressed  trenails  is  the  firmness  with  wiiich  they 

^  Printed  in  the  '  Civil  Engineer  and  Architect's  Journal,'  vol.  v.  page  200. 
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hold  into  the  sleeper.  Around  the  iron  spikes  generally  used,  a  sheath  of  rust 
is  formed  by  the  damp  sleeper ;  the  shaking  of  the  carriages  tends  to  draw  them 
upwards,  and  the  elasticity  of  the  fibre  around  the  hole  in  the  sleeper  being 
impaired,  it  is  of  no  use  to  drive  them  down  again  in  the  same  place,  and  the 
chairs  eventually  become  loose." 

The  trenails  of  oak  here  referred  to  were  used  to  fasten  the  chairs  down  upon 
the  sleepers  :  on  the  Hull  and  Selby  Railway  also  round  trenails  were  used  for 
the  same  purpose,  being  made  of  a  proper  size  to  fit  the  hole  in  the  chair  when 
driven  in,  and  having  a  square  head  left  on  them,  by  which  the  chair  was  held 
down.  The  method  of  compressing  trenails  and  wedges  adopted  previously  to 
that  used  on  the  South  -Eastern  Railway,  was  by  diiving  them  through  steel 
rings  or  moulds,  either  by  blows  with  heavy  mallets,  or  by  one  blow  of  the 
piston  of  a  press. 

Figs.  7  and  8  show  a  chair  of  somewhat  complicated  character,  invented  by 
Mr.  G.  W.  Buck.  The  objects  which  Mr.  Buck  had  in  view  in  designing 
these  chairs  are  explained  by  himself  as  follows:  —  "However  strong  the  rail 
may  be,  a  certain  amount  of  deflection  between  the  points  of  support  must 
result  from  the  gravity  of  the  passing  load  ;  therefore,  in  order  that  no  motion 
may  be  communicated  to  the  chair,  (which  is  essential  to  the  maintenance  of 
the  road  in  good  order,)  the  connection  between  the  rail  and  chair  must  be  such 
as  to  allow  of  the  hbratory  motion  arising  from  deflection,  the  rail  being,  never- 
theless, firmly  fixed  upon  its  seat,  incapable  of  rising  therefrom,  and  prevented 
from  lateral  movement :  at  the  same  time  it  should  be  free  to  move  longitudi- 
nally, as  much  as  the  expansion  and  contraction  of  its  length  from  variation  of 
temperature  may  demand.  All  these  ends  are  attained  by  having  the  chairs 
constructed  as  shown  in  the  Plate."  ^^ 

The  chair  shown  in  figs.  7  and  8  is  a  joint  or  double  chair,  to  which,  how- 
ever, the  intermediate  or  single  chair  is  exactly  similar.  The  seat  for  the  rail 
in  the  chair  is  convex,  being  r^ths  of  an  inch  higher  at  D  than  at  E,  E,  for  the 
purpose  of  permitting  the  hbratory  motion  of  the  rail  caused  at  the  moment  of 
the  load  passing  over  it.  This  form,  however,  is  not  peculiar  to  the  chair  now 
under  notice.  That  side  of  the  chair  which  is  next  to  the  flanches  of  the  wheels 
has  contact  with  the  rail  at  only  two  points,  A  and  B.  On  the  outer  side  of 
the  chair  the  rail  is  confined  to  its  place  by  a  cast  iron  chock,  F,  made  in  a 

=9  •  Public  Works  of  Great  Britain,'  page  46.     1838.     J.  Weale. 
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spheroidal  form,  and  touching  in  a  point  only  at  C,  about  midway  between  A 
and  B  :  this  chock  has  a  step  or  foot,  G,  resting  on  the  seat  of  the  chair,  with 
a  fillet,  I,  fitted  into  a  corresponding  groove.  A  wrought  iron  key,  H,  is 
placed  in  a  mortise,  partly  in  the  chock  and  partly  in  the  chair  :  thus  the  chock 
is  wedged  against  the  rail. 

Figs.  9  to  13  show  the  chairs  used  upon  the  South  Eastern  Railway.  They 
are  designed  with  a  view  to  combine  lightness  with  strength,  and  cast  with 
inclined  cavities  for  the  rails,  so  as  to  secui'e  the  inward  inclination  of  the  rails, 
which  it  is  thought  desirable  to  preserve,  in  order  to  resist  the  thrust  of  the 
conical  tires  of  the  wheels.  In  the  figures  a  a  are  the  compressed  wedges,  and 
b  b  show  the  heads  of  the  trenails,  the  mode  of  compressing  which  has  been 
already  described.  Fig.  9  is  an  elevation  of  the  chair;  fig.  10  is  an  end  view, 
and  fig.  12  a  plan  of  a  joint  chair;  and  figs.  11  and  13  an  end  view  and  plan 
of  an  intermediate  chair:  in  fig.  13  the  wedge  a  is  supposed  to  be  removed. 

Figs.  14  and  15  show  a  form  of  chair  adapted  to  single  T  rails,  which  was 
formerly  adopted  on  several  railways,  and  may  be  considered  as  a  less  elegant 
attempt  to  accomplish  the  object  aimed  at  in  Mr.  Stephenson's  chair,  belbre 
described.  In  this  case  a  cylindrical  iron  pin  was  placed  in  the  groove  a, 
having  its  front  end  bevelled  off  to  correspond  with  the  notch  in  the  rail,  and 
kept  in  its  place  by  a  split  key,  driven  through  it  and  through  the  chair  at  b. 

Figs.  16  and  17  represent  a  kind  of  chair  used  on  the  Hull  and  Selby  Rail- 
way :  for  this  chair  two  compressed  keys  of  oak,  each  7  inches  in  length,  are 
used,  and  the  chair  is  held  down  by  four  spikes  or  bolts.  This  form  of  rail  and 
chair  is  evidently  adapted  either  for  longitudinal  or  transverse  sleepers,  and 
on  the  Hull  and  Selby  Railway  both  these  modes  of  construction  are  adopted. 
With  the  longitudinal  bearers,  a  fighter  rail  and  chair  are  used  than  with  the 
transverse  bearers.  In  the  former  case  the  rails  weigh  55  lbs.,  being  2|  inches 
deep,  and  the  latter  63  lbs.  per  lineal  yard,  being  3f  inches  in  depth.  The 
chairs  are  2 J  inches  and  3f  inches  deep  for  each  system  respectively. 

Figs.  18  and  19  show  chairs  with  hollow  metal  keys  or  pins,  patented  by 
Mr.  W.  H.  Barlow,  March  6th,  1844  ;  the  object  of  the  patentee  being  to  obtain 
a  degree  of  elasticity  together  with  strength  and  lightness.  Fig.  18  shows  one 
of  these  hollow  metal  keys  of  an  irregular  but  complete  tube  form.  Fig.  19 
shows  one  of  them  in  which  an  opening  is  left  throughout  its  length :  in  this 
case,  however,  the  patentee  considers  it  desirable  that  the  edges  of  the  iron 
should  butt  together.     He  also  proposed  some  modifications  of  these  hollow 
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iron  pins  to  be  used  for  holding  the  chairs  down  upon  the  sleepers,  and  also  for 
other  engineering  purposes.  It  is  reported  that  two  miles  of  the  Midland  Rail- 
way, in  the  neighbourhood  of  Rugby,  which  was  laid  with  these  keys,  showed 
a  remarkable  difference  in  the  steadiness  of  the  road  and  the  quietness  of  the 
joints,  as  compared  with  that  part  of  the  line  laid  with  wood  keys. 

Figs.  20  and  21  show  a  peculiar  kind  of  chair  and  fastening  adopted  on  the 
o-reat  North  of  England  Railway.  In  this  chau-  only  one  sohd  cheek  is  used. 
On  the  other  side  the  chair  has  only  two  parallel  flanches,  marked  c  c  on  the 
fio-ures,  and  which  are  sufficiently  cut  away  to  allow  the  rail  to  be  introduced 
into  its  place :  between  these  flanches  a  solid  block  of  cast  iron,  marked  a, 
fitted  to  correspond  with  the  side  of  the  rail,  is  secured  by  a  key  or  wedge  h, 
which  is  driven  behind  it,  and  through  holes  formed  in  the  flanches  c  c  for  that 
purpose.  In  spiking  the  chairs  down  upon  the  sleepers  it  is  usual  to  interpose 
a  layer  of  felt  between  the  two. 

The  following  Table  presents  the  principal  items  included  under  the  title  of 
this  Section,  as  adopted  on  the  several  railways  named  in  the  first  column. 
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Name  of  Railn-ay. 

Gauirc. 

Ft.  In. 

Width. 
Ft.    In. 

Central 

between 
lines. 
Ft.  In. 

Crna.s  or 

longitudinal 

sleepers. 

Sleepers. 

Weight  of 

chairs. 

lt.s. 

Distance 
between 

supports. 
Ft.  In. 

Section 
of  rail 
similar 
to  tig.  in 
Plate  38. 

Weight 
of  rail 

per  lin. 
vard. 
'lbs. 

Length. 
Ft.  In. 

Scantling. 
Inehes. 

Arbroath  and  Forfar  .  .  . 

5 

6 

28 

6 

0     5 

cross 

8 

6 

8x4 

r  14  int. 
\  20  joint. 

3 

0 

Fig.  6. 

48 

Ardrossan  and  Johnstone 
Birmingham  &  Gloucester 
Brandling  Junction    .  .  . 

8i 

32 
30 
24 

0 
0 
6 

6     0 
0     0 
5     2 

cross 
■  cross 
•   and  long', 
.ties 

cross 

8 
8 

7' 

8 

6 
0 

10x5 

13x6 

7x3J 

8x4 

18i 

1  lO.l  int. 
1  24  joint. 

3 

3 

0 
6 
0 

Fig.  1. 

rig.  2. 

Fig.  6. 

56 

2 
0 

Chester  and  Birkenhead  . 

9 

30 

0 

6     5 

cross 

9 

0 

10x5 

r  21  int. 
1  24  joint. 

Fig.  7. 

56 

Chester  and  Crewe    .  .  . 

8J 

30 

0 

6     5 

cross 

9 

0 

10x4^ 

J  20  int. 
\  24  joint. 

Fig.  7. 

56 

Dublin  and  Kingstown    . 

Si 

30 

0 

7    H 

■  cross 
■   and  long'. 
[  cross  ties 

6 
12 

0 

7x3 
12x6 

3 

0 

l-'ig-  1. 

45 

0  apart 

Durham  and  Sunderland 

Si 

4     5 

cross 

7 

0 

7  dia. 

J  10  int. 
1  14  joint. 

3 

0 

Fig.  7. 

42 

Eastern  Counties    .... 

0 

30 

0 

6     5 

cross 

8 

6 

10x4i 

3 

0 

Fig.  1. 

75 

Edinburgh  and  Glasgow . 

8i 

28 

0 

cross 

9 

0 

10x4i 

Fig.  1. 

75 

r44 

J.  to 
l_62 

65 

Great  Western 

0 

30 

0 

6     6 

r  long'. 
\  cross  ties 

cross 

12x6 
6x4 

Fig.  3. 

Lancaster  and  Preston .  . 

8i 

30 

0 

6     5.1 

9 

0 

10x5 

f  19J  int. 
[22^  joint. 

26 

J  26i  int. 
\  31  joint. 

Fig.  1. 

Liverpool  and  Manchester 
London  and  Birmingham 

8i 
85- 

25 
30 

7 
0 

5  2 

6  5 

cross 
cross 

8 

7 

6 
0 

9  X  4i 
9x5 

r3 

■J 

[3 

[3 
[4 

0  1 

0 

9 

9   '' 
0 
0 

Fig.  I. 
Fig.  1. 

r60 

[65 

i  & 

L75 

London  and  Brighton  .  . 
London  and  Croydon    .  . 

9 

8.; 

24 
33 

0 
10 

6     5 
6     5 

cross 
("long'. 
<  fixed  in  "1 
[ cross      J 

9 

9x5 

9x4i 

}. 

3 

9 

Fig.  1. 
Fig.  5. 

76 

r63 

0 

London  &  South  Western 

8J 

25 

0 

6     5 

cross 

9 

0 

10x4i 

Fig.  1. 

73 

Maachester&  Birmingham 

9 

29 

0 

6     5 

cross 

9 

0 

10x5 

Fig.  7. 

65 

Manchester  and  Leeds .  . 
Midland  Counties   .... 

4 

9 

30 
26 

0 
0 

6     5 
6     5 

cross 

cross 

r  long'. 
\  on  cross 

9 
9 

0 
0 

11x5 

10x5 

12x6"! 
12x6/ 

r  23  J  int. 
\  28  joint. 

3 

0 
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Many  contrivances  have  been  suggested,  and  several  adopted,  for  enabling 
locomotive  engines  and  carriages  to  be  transferred  from  one  line  of  rails  to 
another.  With  a  view  to  effect  this  object  readily, — so  that  on  occasion  the 
speed  shall  require  to  be  only  slightly  diminished,  and,  at  the  same  time,  to 
do  it  safely  and  effectually,— so  that  the  train  shall  not  be  in  danger  either 
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of  getting  off  the  rails,  or  of  following  the  wrong  line, — various  arrangements  of 
moveable  rails  or  crossings,  with  apparatus  to  move  them,  have  been  tried. 
The  one  most  generally  adopted,  which  has  in  many  instances  entirely  sup- 
planted previous  plans,  but  has  not  yet  been  abandoned  for  any  more  recent, 
is  shown  generally  on  Plate  XL.,  and  in  detail  on  Plate  XLI. 

Figures  1,  2,  and  3,  on  Plate  XL.,  show  three  combinations  of  fixed  and 
moveable  rails  and  apparatus,  one  or  other  of  which  combinations  is  required, 
according  to  the  purpose  intended.  Thus,  first,  if  it  is  necessary  to  provide 
simply  means  for  turning  a  train  out  of  one  line  into  another,  the  arrangement 
shown  in  fig.  1  is  adopted.  Or,  secondly,  if  it  is  required  that  a  train  on  either 
line  of  rails  may  be  turned  into  the  other  one,  and  without  backing  the  train, 
fig.  2  shows  the  combination  which  must  be  used.  Or,  thirdly,  if  it  is  required 
that  a  train  shall  be  enabled  to  alter  its  position  to  any  one  of  three  lines  of 
railway,  the  arrangement  exhibited  in  fig.  3  must  be  selected. 

Each  of  these  arrangements  is  a  combination  of  a  number  of  two  distinct 
forms  of  apparatus,  known  as  '  the  switch '  and  '  the  points ;'  the  former 
consisting  mainly  of  a  moveable  rail  or  '  tongue,'  tapered  at  the  end,  and 
adapted  to  lie  close  against  the  ordinary  rail,  or  to  move  sufficiently  far  from  it 
to  admit  the  flanges  of  the  wheels  between  them  ;  and  the  latter  including 
tapered  terminations  for  the  main  rails  and  the  crossing  rails  at  the  points 
where  they  intersect,  and  also  such  guard  or  check-rails  in  separate  pieces  as 
may  be  useful  in  keeping  the  wheels  from  swerving  out  of  the  intended  course, 
and  also  from  injuring  the  thin  points  of  the  intersections. 

In  the  figures  on  Plate  XL.  the  switches  are  uniformly  indicated  by  the 
letter  A,  and  the  crossing  points  by  the  letter  C.  In  fig.  3  a  peculiar  kind  of 
switch  is  shown,  which,  from  its  being  adapted  to  open  a  comniuiiication 
between  three  lines,  is  called  a  'three-throw  switch:'  this  is  lettered  H;  and 
in  fig.  2  peculiar  crossing  points  are  required,  and  arc  lettered  DD. 

It  will  be  understood,  that  the  only  mov^eable  parts  of  these  rails  are  the 
'  tongues  '  of  the  switches  ;  and  to  move  these,  and  render  them  also  self-acting, 
a  weighted  lever  is  arranged  to  act  within  a  cast  iron  box,  called  the  '  switch 
box.'  The  position  of  this  self-acting  apparatus  is  indicated  on  the  figures  by 
the  letters  S.  B. ;  one  of  these  being  required  for  each  single  switch,  and  two  for 
the  '  three-throw  '  switch. 

The  single  crossing,  shown  at  fig.  1,  requires  two  switches,  A  A,  and  two 
crossing  points,  CC. 
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The  double,  or  over  crossing,  shown  at  fig.  2,  requires  four  switches,  AAAA, 
two  common  crossing  points,  C  C,  and  two  peculiar  crossing  points,  D  D. 

The  treble  crossing,  shown  at  fig.  3,  requires  one  three-throw  switch,  B,  two 
common  switches,  A  A,  and  five  crossing  points,  C  C  C  C  C. 

The  details  of  these  parts  are  given  on  Plate  XLI.,  whereon,  fig.  1,  A  is  an 
enlarged  plan  of  a  single  switch.  Fig.  2,  B  is  an  enlarged  plan  of  a  three-throw 
switch.  Fig.  3,  C  shows  the  parts  of  a  common  crossing.  Fig.  4,  D  is  an  en- 
larged plan  of  the  peculiar  crossing  points,  of  which  two  are  required  for  the 
double  crossing,  shown  in  fig.  2,  Plate  XL.  The  two  figs.  5  and  6,  marked 
S.B.,  give  two  sectional  views  of  the  switch  box,  with  the  lever  apparatus  for 
moving  the  tongues  of  the  switches.  The  figs.  7  to  12  are  sectional  views  of 
the  several  kinds  of  chairs  required  for  a  single  switch  ;  the  letters  a,  b,  c,  d,  e, 
and/,  on  these  figures,  show  the  chairs  required  at  the  several  points,  similarly 
marked  on  the  plan  A,  fig.  1.  These  details  are  adapted  for  double  T  rails. 
The  chair  a,  fig.  7,  is  similar  to  the  ordinary  chairs,  but  made  with  two  similar 
cheeks,  and  sufiiciently  wide  to  hold  the  two  rails,  with  a  large  wooden  key 
between  them.  The  chairs  required  at  o^  a^,  a^,  are  exactly  similar  to  this, 
but  of  various  lengths.  The  chair  b  is  the  same  as  a,  but  much  wider,  in  order 
to  accommodate  the  three  rails  which  occur  at  that  point,  as  shown  on  the  plan. 
At  the  point  c  a  pecuhar  chair  is  required,  shown  at  fig.  9.  The  main  rail, 
marked  m  on  the  plan,  is  here  stopped,  and  thinned  off,  to  enable  the  flanch  of 
the  wheel  to  take  either  line,  according  to  the  position  of  the  switch  tongue, 
without  encountering  the  square  end  of  the  rail.  The  chair  c  is  therelbre  pro- 
vided with  a  strong  shoulder,  against  which  the  point  of  the  main  rail  and  the 
check  or  guard-rail  are  bolted.  The  switch  tongue  or  moveable  rail  extends 
from  the  point  /  (at  which  it  turns)  to  the  point  d,  where  it  opens  sufiiciently 
wide  to  admit  the  flanch  of  the  wheel  to  run  in  between  it  and  the  main  rail,  m', 
fig.  1.  At  the  point /a  chair  is  used,  shown  at  fig.  12,  to  which  the  switch 
tongue,  s  t,  is  bolted.  The  upper  part  of  the  chair  turns  upon  the  lower  part, 
and  is  connected  by  a  strong  bolt,  with  countersunk  head.  At  the  several 
points  marked  d,  d\  rf*,  d^,  and  d*,  a  chair,  similar  to  that  shown  at  fig.  10,  is 
required.  The  main  rail,  m\  is  bolted  to  one  cheek  of  each  of  these  chairs,  and 
the  switch  tongue  marked  st,  in  fig.  10,  slides  over  a  plain  seating  formed  on 
the  chairs,  according  to  the  motion  required,  and  is  prevented  from  opening  too 
wide  by  a  strong  cheek  formed  on  each  of  the  chairs.     Fig.  11  is  a  section  of  a 
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peculiar  chair  required  at  e  on  the  plan,  fig.  1,  in  which  the  main  rail,  m',  and 
the  end  of  the  fixed  rail,  r,  are  secured  by  wooden  keys.  The  position  of  the 
switch  tongue,  shown  in  full  lines,  is  that  which  it  has  when  open,  the  main 
line  being  open,  and  the  crossing  not  in  use.  When  the  switch  tongue  is 
brought  close  against  the  main  rail,  m},  the  wheels  of  a  train  coming  in  the 
direction  shown  by  the  single  arrow  will  be  received  at  the  point  d  upon  the 
tongue,  and  thus  taken  off  the  main  line.  The  main  hne,  when  open  in  one 
direction,  is  also  evidently  open  in  the  other,  without  any  movement  of  the 
tongue.  The  wheels  of  a  train  coming  out  from  the  crossing  on  the  rails,  rr, 
in  the  direction  shown  by  the  two  arrows,  are  allowed  by  the  construction  of 
the  lever  apparatus  to  press  the  tongue  against  the  main  rail,  m',  thus  closing 
the  switch  without  any  attention  on  the  part  of  the  switch-man :  as  soon  as  the 
wheels  pass  off  the  point  d  of  the  tongue,  it  immediately  opens  by  the  self- 
action  of  the  lever  apparatus,  thus  leaving  the  main  line  again  free  for  traffic  in 
both  directions. 

The  tongue  is  moved  with  a  wrought  iron  rod,  marked  z,  which  is  fixed  to 
the  tongue,  but  passes  freely  through  a  hole  in  the  main  rail,  im}.  The  other 
end  of  the  rod,  s,  is  connected  by  a  pin,  with  a  crank  marked  c,  in  figs.  5  and 
6,  the  shaft,  s,  of  which  turns  in  fixed  bearings,  hh,  on  the  sides  of  the  switch 
box.  This  crank  is  also  formed  to  be  connected  with  a  rod,  r,  upon  which  cir- 
cular weights,  w,  are  held ;  it  has  also  a  socket,  into  which  a  handle,  h,  fits. 
This  handle  is  sufficiently  long  to  be  conveniently  used  by  the  switch-man. 
"When  the  main  line  is  open,  the  handle  h  is  in  the  position  shown  by  full  lines, 
being  retained  by  the  weights  w.  In  order  to  close  the  switch,  the  handle  must 
be  forced  back  into  the  dotted  position,  thus  throwing  the  crank  round  and 
raising  the  weights.  This  is  done  by  the  flanches  of  the  wheels  when  coming 
out  of  the  crossing ;  the  only  operation,  therefore,  which  requires  to  be  per- 
formed by  the  switch-man  is  the  closing  of  the  tongue,  in  order  to  throw  a 
train  into  the  crossing.  The  switch  box  is  supported  in  a  timber  frame,  sunk 
level  with  the  ground.  The  check  or  guard-rail  prevents  the  wheels  pressing 
too  severely  against  the  tongue. 

In  the  crossing,  fig.  3,  mr  shows  the  main  rail,  and  cr  the  crossing  rails ;  at 
the  point  p  the  two  rails  are  closely  fitted  together,  the  top  flanches  being 
notched  to  correspond,  and  the  webs  thinned  off:  they  arc  accurately  planed  on 
the  meeting  surfaces,  and  bolted  together.     Each  of  the  other  rails  which  would 
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meet  at  this  intersection  is  turned  off  at  tt.  The  check  or  guard-rail  is  to 
prevent  the  wheels  of  carriages  on  the  crossing  from  knocking  against  and 
injuring  the  tapered  point  p. 

The  action  of  the  three-throw  switch  will  be  understood  from  the  description 
just  given  of  the  single  switch ;  the  three-throw  requires  two  levers  and  ap- 
paratus, one  of  the  rods  of  which,  z^,  passes  freely  through  one  of  the  main 
rails  and  one  of  the  switch  tongues.  The  main  rails  are  marked  mm.  Tlae 
rails  and  tongues  which  are  used  by  a  train  entering  the  crossing  in  the  direction 
of  the  arrow  are  marked  /  and  r,  according  as  it  is  required  to  cross  to  the  left 
or  to  the  right  hand  respectively.  For  this  entire  apparatus  four  switch  tongues 
are  requu'ed,  two  long,  and  two  short,  marked  st ;  two  connecting  rods,  marked 
r,  are  also  needed  for  coupling  the  tongues,  so  that  they  may  be  moved 
together.     All  the  tongues  turn  on  the  line  c  c. 

From  the  description  already  given  of  the  single  crossing  C,  fig.  3,  the 
double  one  D,  fig.  4,  will  be  readily  understood.  Chairs  of  peculiar  forms  are 
of  course  required  for  each  of  these  arrangements,  and  are  always  suppUed 
together  with  the  bolts,  nuts,  pins,  and  keys  complete. 

In  order  to  change  the  position  of  engines  and  carriages  within  a  more  limited 
space  than  that  required  for  a  crossing,  several  forms  of  turn-plate  or  turn-table 
have  been  adopted.  These  are  usually  made  circular  on  plan,  so  as  to  turn 
within  a  fixed  ring,  and  of  sufficient  size  to  contain  one  carnage  only.  Turn- 
tables are  sometimes  made  large  enough  to  turn  an  engine  and  tender  together : 
these  require  a  circular  rack  and  pinion. 

One  of  the  best  constructions  of  turn-table  adapted  to  a  six-wheeled  carriage 
is  shown  on  Plate  XLIL,  in  which  fig.  1  is  a  quarter-plan  of  the  top  of  the 
table ;  fig.  2,  a  quarter-plan  of  the  moving  apparatus  and  fixed  framing,  which 
constitute  the  base  and  the  casing  of  the  table.  Fig.  3  is  a  cross  section  of  the 
entire  apparatus ;  fig.  4,  an  elevation  of  part  of  the  casing ;  and  fig.  5,  a  side 
view  of  one  of  the  latches  by  which  the  moving  table  is  secured  in  each  of  its 
positions :  a  a  are  sohd  raUs  of  wrought  iron  fixed  on  the  lid  to  correspond 
with  the  gauge  of  the  line,  and  forming  two  sets  of  rails  or  tracks  crossing  the 
lid  at  right  angles  to  each  other.  The  covering  plates,  b  b,  which  form  the  hd 
of  the  table,  are  of  cast  iron,  corrugated  on  the  upper  surface,  and  resting  in 
fillets  formed  on  the  cast  iron  top  framing,  c  and  m.  The  lower  framing  is  also 
of  cast  iron,  formed  with  arms,  i  i,  with  a  bearing  rim,  q  q,  and  a  hollow  central 
boss,  ss.     The  upper  framing  is  also  perforated  in  the  centre  at  w«.     The 
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moving  top  framing  is  supported  by  resting  near  the  periphery  upon  eight  cast 
iron  conical  rollers,  which  turn  upon  the  bearing  rim,  5,  of  the  lower  framing. 
It  is  supported  at  the  centre  also  by  bolts  passing  through  the  rim,  r,  of  a  strong 
wrought  centre  pin,  marked  d.  This  pin  turns  in  a  gun-metal  step,  r,  sup- 
ported in  a  socket,  / 1,  which  is  held  in  the  lower  framing,  s  s ;  the  interior  of 
this  socket,  and  of  the  central  hole  in  the  top  framing,  are  truly  bored  to  tit  the 
turned  surface  of  the  pin  d.  The  rollers,  e  e,  are  held  in  their  places  by  rods,  //, 
which  rods  are  screwed  in  a  wrought  ring,  w  w,  and  passed  through  a  hght  framing 
formed  of  a  ring,  hh,  of  flat  iron,  and  of  a  continuous  bar,  gg,  of  angle  iron. 
Tlie  bar  and  the  ring  being  bolted  together,  the  ring  u-  iv  fits  a  shoulder  formed 
on  the  socket  1 1.  The  bearing  rims  c  and  q  of  the  upper  and  lower  framings 
are  accurately  planed  to  fit  the  turned  surface  of  the  conical  rollers  e  e. 

The  casing  consists  of  eight  segmental  pieces,  jj,  bolted  together  through 
meeting  flanches,  pp,  and  bolted  also  to  ears,  00,  cast  on  the  lower  framing. 
The  latch,  k,  is  fastened  by  a  pin  to  a  small  bracket  bolted  to  the  casing.  Four 
of  these  latches  are  thus  fixed,  and  are  dropped  into  notches,  /,  fig.  5,  to  retain 
the  table  in  each  of  its  positions.  A  man-hole  and  hd  are  provided  at  .r,  to 
give  access  to  the  interior,  for  oiling  the  rollers,  &c. 

It  is  evidently  essential,  that  for  these  turn-tables  an  unyielding  foundation 
should  be  secured.  For  want  of  this,  many  tables  formed  with  cast  iron 
framings  have  failed,  and  been  speedily  broken.  In  high  embankments,  the 
requisite  solidity  can  seldom  be  obtained  without  constructing  a  well  of  brick- 
work, on  the  rim  of  which,  and  on  a  central  pier,  the  table  is  fixed.  To  obviate 
this  difficulty,  tables  have  been  designed,  and  found  to  answer  well,  with  centre 
pins  of  a  much  extended  length.  The  periphery'  of  tables  thus  constructed  is 
supported  by  strut-bars,  which  are  fixed  into  a  jacket  revohing  upon  tlie  lower 
part  of  the  long  centre  pin. 

In  the  description  of  the  crossings,  it  should  have  been  mentioned,  that 
merely  for  the  purpose  of  removing  carriages  or  trains  out  of  the  main  line,  a 
side  line  of  extra  rails  is  commonly  provided.  This  side  line  will  run  parallel 
with  the  main  line,  or  divergent  from  it,  if  the  site  is  more  convenient  for  that 
direction.  Such  siding  is  made  to  communicate  with  the  main  line  by  a  single 
switch  apparatus  and  one  crossing  point,  in  which  the  other  end  of  the  siding 
rails  leads  into  a  carriage  or  engine-shed,  and  is  there  stopped  ;  or  the  siding 
rails  communicate  at  both  ends  with  the  main  line,  by  two  single  switches  and 
crossing  points.    This  latter  arrangement  is  the  one  usually  adopted  in  arranging 
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sidings  into  which  slow  or  luggage  trains  are  run  temporarily,  in  order  to  leave 
the  main  line  clear  for  a  faster  train,  which  is  expected  to  overtake  or  to  pass 
the  slow  train.  With  this  arrangement,  the  train  is  enabled  to  leave  the  siding, 
and  resume  its  position  upon  the  main  line,  without  backing  out ;  but  a  very 
serious  objection  exists  to  this  siding  communicating  at  both  ends  with  the 
main  line,  for  the  gaping  end  of  the  switch  is  thus  exposed  to  the  trains  passing 
along  the  main  line  in  one  direction ;  and  therefore,  to  insure  safety,  every 
train  that  passes  requires  to  be  stopped,  or,  at  the  least,  its  speed  very  materially 
slackened,  lest  by  any  accidental  cause  the  switch  tongue  should  be  closed,  and 
thus  throw  the  train  into  the  siding,  or  partly  closed,  and  there  clogged,  in 
which  case  the  wheel  would  meet  the  end  of  the  tongue,  and  thus  inevitably 
force  the  carriage  or  carriages  off"  the  rails  altogether.  Sidings  which  commu- 
nicate with  the  main  Kne  by  one  switch  only,  may,  on  the  other  hand,  be  so 
arranged  that  trains  passing  customarily  on  that  main  line  shall  never  '  meet  the 
points,'  that  is,  the  end  of  the  switch  tongue.  In  this  case  the  switch  is  per- 
fectly safe,  and  requires  manual  attention  only  when  carriages  are  to  be  driven 
into  the  siding. 

In  order  to  turn  an  engine  and  tender  together  from  one  line  of  rails  to 
another,  without  using  the  large  turn-table  which  would  be  required  for  this 
purpose,  the  simple  apparatus  in  use  at  the  Greenwich  station  may  be  applied. 
This  consists  of  two  cast  iron  girders,  about  26  feet  in  length,  (according  to  the 
total  length  of  engine  and  tender,)  fixed  parallel  to  each  other  by  cross  braces, 
and  adapted  on  the  top  surface  for  the  wheels  in  the  manner  of  rails.  These 
girders  are  supported  on  four  pairs  of  small  rollers,  two  pairs  near  the  ends,  and 
two  pairs  near  the  centi-e ;  and  these  rollers  work  upon  circular  rims  of  metal 
fixed  in  the  ground  or  foundation.  A  winch  and  pinion  are  provided  at  one 
end  of  these  girders,  which,  with  their  framing,  are  made  to  revolve  within  a 
circular  rim,  having  an  internal  cog-wheel  or  rack,  into  which  the  pinion  is 
worked  by  the  winch. 

If  it  be  desired  to  reverse  the  direction  of  a  train,  and  to  avoid  the  expense 
of  a  turn-table,  or  to  serve  its  purpose  temporarily,  and  there  is  sufficient  space, 
two  short  siding  lines  may  be  laid  in  from  the  main  line,  diverging  from  it,  but 
converging  towards  each,  and  meeting  at  a  short  distance  in  the  manner  of  the 
two  sides  of  the  letter  V,  with  a  piece  of  straight  line  continuing  from  their 
point  of  meeting,  so  that  the  whole  resembles  the  letter  Y.  A  carriage  or  train 
may  be  turned  down  one  of  these  sidings,  run  along  the  piece  of  straight  line  to 
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clear  the  switch,  and  then  backed,  along  the  other  siding,  into  the  main  line, 
which  it  enters  in  the  opposite  direction  to  that  in  which  it  left  it.  In  order  to 
shift  a  carriage  from  one  line  of  rails  to  another,  within  a  short  distance,  such 
as  under  a  station-rcof,  where  no  space  can  be  had  for  a  crossing,  a  traversing 
platform  is  sometimes  adopted,  of  sufficient  length  to  hold  one  carriage,  wide 
enough  to  have  two  sets  of  rails  fastened  upon  it,  and  being  fitted  upon 
traversing  rollers,  and  adapted  to  move  to  the  one  side  or  the  other  as  desired. 
This  apparatus,  however,  may  be  regarded  as  forming  a  part  of  the  station 
fittings,  and  will  therefore  be  described  and  illustrated  in  the  Section  of  this 
Paper  devoted  to  the  description  of  those  works. 

The  completion  of  the  railway  ready  for  the  bvuldings  and  locomotive  stock, 
which  will  form  the  subject  of  the  concluding  Sections  of  this  Paper,  to  be  given 
in  a  subsequent  volume,  includes  some  other  matters  of  a  secondary  character, 
but  of  which  the  past  experience  may  be  usefully  quoted  with  brevity.  These 
are,  the  fencing  and  drainage  of  the  permanent  way,  and  approach  roads  crossing 
the  railway  over  or  under  bridges ;  and  the  construction  of  level  crossings  and 
gates,  where  the  railway  and  intersecting  roads  cross  each  other  on  a  level. 

A  good  permanent  fencing  for  the  sides  of  the  line  consists  of  oak  posts 
4  inches  by  6  inches,  8  feet  long,  and  standing  3  feet  6  inches  or  4  feet  out  of 
the  ground,  and  9  feet  apart  from  centre  to  centre.  They  may  be  squared  above 
ground,  but  are  better  left  rough  below,  if  it  saves  labour  and  does  not  waste 
material.  Midway  between  each  two  contiguous  posts  are  smaller  ones,  3  inches 
by  6  inches,  and  only  5  feet  long,  the  lower  ends  being  cut  taper,  and  driven 
1  foot  G  inches  into  the  ground  ;  or  the  intermediate  post  may  be  only  3x2 
inches,  and  spiked  to  the  inner  side  of  the  rails.  The  former  makes  much  the 
best  fence,  but  the  mortising  is  of  course  expensiv^e  in  labour.  The  rails,  of 
which  there  are  four,  are  also  of  oak,  and  are  5  inches  deep  by  2  j  inches  wide, 
mortised  and  joined  in  the  principal  posts,  and  passing  through  the  minor  ones. 
Or  the  rails  arc  placed  diagonally,  in  which  case  they  may  be  3^  inches  square. 
The  principal  posts  should  be  bound  with  iron  hooping.  Sometimes  five  or 
more  rails  will  be  required,  and  the  railing  to  stand  4  feet  above  the  ground  :  three 
wooden  rails,  with  two  intermediate  wires,  form  a  good  fence,  and  one  which 
has  been  much  adopted.  A  very  secure,  but  comparatively  expensive  fence,  is 
formed  with  three  rails  above,  and  paled  for  the  lower  half  of  its  height.  On 
some  of  the  railways  an  entire  wire  fence  is  employed.  This,  however,  requires 
a  particular  class  of  workmen  to  fix  and  to  repair  it,  and  a  breaking  of  one  of 
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the  wires  extends  the  mischief  and  the  insecurity  for  a  great  length,  instead  of 
being  confined  to  one  spot,  as  in  wooden  fences.  Quicks  should  be  planted 
within  the  fencing. 

In  the  neighbourhood  of  stations,  &c.,  where  a  very  secure  fence  is  required, 
an  open  batten  fence  is  commonly  set  up.  This  consists  of  squared  posts 
standing  9  feet  apart,  and  9  feet  long,  being  3  feet  in  the  ground,  and  standing 
6  feet  above  it,  and  are  4  inches  by  6  inches.  Into  these  posts  three  rails  are 
mortised  :  these  rails  are  halves  of  square  timber,  4x4  inches,  sawn  diagonally 
and  connected  into  the  posts,  so  that  the  diagonal  of  the  square  is  vertical,  and 
stands  I3  inch  within  the  outer  side  of  the  post.  Upon  the  outer  side  of 
these  rails  the  battens,  3  inches  by  IJ  inch,  are  secured  3"  apart  in  the  clear, 
ranging  in  height  level  with  the  top  of  the  posts,  and  within  2  inches  of  the 
ground.  The  posts  and  the  battens  will  thus  range  flush  on  the  outer  side  of 
the  fence,  and  the  tops  of  them  should  be  bevelled  off  from  the  centre.  To 
form  a  close  fence,  feather-edged  boards  are  used  instead  of  battens ;  these 
should  be  1  inch  thick  at  one  edge,  and  fths  of  an  inch  at  the  other,  and  made 
to  lap  over  2  or  2^^  inches. 

In  districts  where  stone  is  abundant,  the  sides  of  the  line  are  frequently  pro- 
tected by  stone  walls  built  dry,  with  coping  set  in  mortar,  from  4  to  5  feet 
high,  12"  to  18"  thick  at  top,  21"  to  27"  at  bottom,  and  battering  on  both 
sides. 

The  drainage  of  the  earth-works  of  railways  has  already  been  described  in 
the  first  Section,  in  which  also  a  general  account  was  given  of  the  side  ditches. 
We  have  now  only  to  notice  some  of  the  methods  adopted  for  completing 
the  drainage  of  the  upper  surface  of  the  railway.  Across  the  ballasting,  gullets 
are  commonly  cut,  leading  the  surface  water  into  the  side  ditches  or  drains. 
Besides  the  side  drains,  central  longitudinal  drains  are  sometimes  formed,  in 
cuttings  and  embankments,  of  rubble-work  or  of  perforated  tiles,  and  which 
communicate,  by  cross  drains,  from  10  to  25  yards  apart,  of  similar  formation, 
with  the  open  side  drains.  Where  the  cuttings  are  tlirough  sand  or  other 
unsteady  materials,  the  side  drains  formed  at  the  base  of  the  cutting  are 
frequently  protected  by  a  covering  of  flags  or  rough  stones.  In  districts  where 
stone  abounds,  these  dredns  are  sometimes  buUt  of  stone,  the  bottom  being 
formed  of  flags.  In  deep  cuttings,  where  capacious  drains  are  required,  it  is 
sometimes  found  desirable  to  build  the  side  drains  of  brick-work,  either  left 
open  at  top,  or  covered  with  flag  stone,  with  openings  or  cesspools  at  con- 


152  RAILWAYS. 

venient  distances,  to  take  off  the  surface  water.  A  verj'  durable  drain  is  thus 
secured,  and  the  cost  of  construction  of  drains,  whether  of  stone  or  brick,  is 
partly  compensated  by  the  less  width  of  land  required,  as  their  sides  may 
of  course  be  formed  much  steeper  than  those  of  an  open  trench  or  ditch.  The 
side  drains  are  also,  occasionally,  formed  of  circular  perforated  tiles  or  tubes  of 
large  diameter,  or  of  brick- work  of  a  circular  or  other  culvert  form.  Semi- 
circular half-brick  open  drains  are  used  occasionally  for  the  sides  of  cuttings. 
Under-ground  drains  are  frequently  formed  of  semicircular  perforated  tiles, 
based  on  rough  stones,  flagging,  or  paving  tiles. 

Throughout  the  entire  length  of  the  railway,  four  parallel  water-courses 
should  be  formed,  that  is,  two  on  each  side.  The  tops  of  the  slopes  of  the 
cuttings  are  protected  by  a  fence  and  mound,  and  outside  these  a  field  drain  is 
required  for  the  adjacent  land.  At  the  feet  of  the  slopes  also  drains  are  wanted 
to  receive  the  water  from  the  banks,  and  also  from  the  surface  of  the  railway. 
The  bases  of  the  embankments  require  drains  to  receive  the  water  from  the 
railway  and  from  the  surface  of  the  banks  ;  and  also  other  parallel  drains  outside 
the  fences,  to  protect  them  and  the  mounds  from  the  drainage  of  the  adjacent 
land.  The  surfaces  of  the  slopes,  both  of  cuttings  and  of  embankments,  must 
be  drained  by  open  channels,  as  already  described,  conducting  the  surface  water 
into  the  lower  drains.  The  sizes  of  the  drains  must  of  course  be  determined 
by  the  extent  of  surface  to  be  drained,  and  by  the  quantity  of  water  to  be  pro- 
\'ided  for :  the  slope  at  which  the  sides  of  open  trenches  may  be  formed  must 
depend  upon  the  nature  of  the  soil  through  which  they  are  cut.  They  will 
usually  stand  well  at  1  to  1,  if  through  clay  or  other  tenacious  stratum.  Several, 
however,  are  formed  at  1 5  to  1,  and  even  as  flat  as  2h  to  1. 

The  width  of  land  required  for  a  railway  will  be  determined  by  the  following 
conditions,  which  will  occur  in  the  order  there  stated.  First,  the  gauge ; — 
Second,  number  of  lines  of  railway  ; — Third,  intermediate  spaces  and  side  spaces  ; 
— Fourth,  depth  of  cutting,  or  height  of  embankment ; — Fifth,  incUnation  of 
slopes; — and  Sixth,  width  required  beyond  the  base  of  embankment  or  top 
edge  of  cutting  for  ditch,  fence,  and  mound. 

In  the  making  or  altering  of  common  roads  approaching  bridges  built  over 
or  under  a  railway,  the  maximum  rate  of  inclination  is,  in  this  countiy,  at 
present  defined  by  the  Parliamentary  Standing  Orders,  as  follows : 

"  Where  the  level  of  any  road  shall  be  altered  in  making  any  railway,  the 
ascent  of  any  turnpike  road  shall  not  be  more  than  1  foot  in  30  feet,  and  of 
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anv  other  public  carriage  road  not  more  than  1  foot  in  20  feet,  unless  a  Report 
from  some  Officer  of  the  Railway  Department  of  the  Board  of  Trade  shall  be 
laid  before  the  Committee  on  the  Bill,  recommending  that  steeper  ascents  than 
the  above  mav  be  allowed,  with  the  reasons  and  facts  upon  which  such  opinion 
is  founded,  and  the  Committee  shall  report  in  favour  of  such  recommendation." 
It  is  also  specified  in  the  same  Order  "  that  a  good  and  sufficient  fence,  of 
4  feet  high  at  the  least,  shall  be  made  on  each  side  of  every  bridge  which  shall 
be  erected."  A  fence  which  has  been  deemed  "  good  and  sufficient,"  and  been 
much  used,  consists  of  posts  7  feet  long,  4  in.  X  5  in.,  standing  4  feet  above 
the  ground,  and  placed  8  feet  apart, — with  three  rails,  3  inches  by  IJ  inch, 
mortised  into  the  posts,  besides  a  top  rail,  3^  inches  square,  placed  diagonally, 
and  resting  in  angular  notches  cut  on  the  tops  of  the  posts.  An  iron  strap, 
Irr  inch  by  f  of  an  inch  thick,  passes  over  the  rail  and  embraces  the  post  for 
a  length  downwards  of  about  18  or  20  inches  on  each  side,  and  is  secured  by 
clout  nails  or  screws.  The  approach  road  will  require  a  good  metalling  on  the 
surface,  and  well  rounded ;  and  the  slopes  must  be  efficiently  drained  in  a 
similar  manner  to  the  sides  of  the  railway. 

Where  crossings  of  the  railway  and  other  roads  on  the  same  level  are  per- 
mitted, that  part  of  the  railway  destined  for  public  traffic  must  be  well  paved 
and  drained,  and  the  rails  require  protection  from  the  wear  of  such  traffic, 
without  in  any  manner  interrupting  the  space  required  for  the  flanges  of  the 
wheels  of  the  railway  carriages  and  engines.  For  this  purpose  guard-rails  are 
used,  as  shown  on  Plate  XLL,  vol.  vii.  According  as  the  intersecting  road  is 
a  turnpike  or  public  road,  or  one  only  required  for  communicating  between 
fields  or  farms,  a  double  or  a  single  width  of  level  crossing  is  provided.  For  a 
single  carriage-way,  not  only  are  the  rails  fixed  between  high  flanges,  but  the 
channel  for  the  traffic  across  them  is  also  defined  by  metal  guard-plates, 
sufficiently  wide  to  allow  for  various  widths  between  the  wheels,  and  having  a 
vertical  flange  on  one  side,  similar  to  the  construction  of  the  cart-way  on  swing 
bridges  over  docks  and  basins.  Those  parts  of  the  side  drains  of  the  railway 
which  cross  the  level  crossings  are  covered  up,  and  receive  the  discharge  from 
other  drains  formed  along  the  sides  of  the  road  which  crosses  the  railway.  The 
intermediate  spaces  between  the  rails,  and  for  the  full  width  of  the  road  which 
crosses  them,  are  filled  up  with  pitch-paving,  laid  regularly,  and  well  grouted 
i-n.  Across  all  these  intersections  suitable  gates  are  indispensable ;  they  should 
be  made  each  in  two  halves,  for  the  double  crossing,  and  usually  shut  across 
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the  common  road,  being  opened  to  the  road  and  shut  across  the  railway  only 
for  such  brief  intervals  as  the  traffic  may  require,  and  at  such  times  as  it  is 
known  that  no  trains  in  the  ordinary  course  can  reach  the  gates.  For  each 
double  crossing  two  pairs  of  these  gates  are  required,  and  the  gate-posts  must 
occupy  the  four  angles  of  a  square,  so  that  each  pair  of  gates  shall  close  together, 
either  in  the  centre  of  the  road  or  the  railway.  Each  gate  should  have  a  semi- 
circular disc  of  wood  at  the  swinging  end,  painted  white,  so  that  when  closed,  a 
large  circle,  say  of  4  feet  diameter,  is  presented  on  approaching  the  gates.  For 
conspicuity  by  night,  and  in  fogs,  coloured  lamps  should  be  fixed  at  the  same 
ends  of  the  gates.  The  construction  of  these  crossings,  and  the  forms  of  rails 
used,  are  shown  in  detail  on  the  figures  of  Plate  XLI.,  published  in  the  seventh 
volume,  and  already  referred  to. 

The  average  quantities,  per  mile,  of  the  several  items  wliich  are  involved  in 
the  formation  of  a  double  line  of  railway,  of  the  4  ft.  85-in.  gauge,  up  to  the 
completion  of  the  permanent  way,  and  exclusive  of  the  stations  and  buildings, 
and  locomotive  and  carrying  stock,  may  be  computed  as  follows : 

The  quantity  of  excavations  in  342  miles  of  double  line  of  railway  (comprised 
in  ten  railways)  amounted  to  35,338,000  cubic  yards,  giving  an  average  of 
about  103,330  yards  per  mile,  or  5871  cubic  yards  of  earth-work  for  each  yard 
forward  of  the  line.  Assuming  the  width  of  the  formation  level  to  be  10  yards, 
or  30  feet  (which  is  about  the  average),  with  an  additional  width  of  5  yards  on 
each  side,  for  ditches,  hedges,  &c.,  the  slopes  at  1^  base  to  1  of  height, — and 
also  assuming  the  whole  line  to  be  either  in  cutting  or  embankment,  of  an 
average  depth  or  height  of  1 1  feet, — we  shall  require  56' 73  cubic  yards  of  earth- 
work per  yard  forward  of  the  line.  This  is  sufliciently  near  to  the  actual 
average  of  58" 71  yards  to  answer  the  purpose  of  this  general  calculation.  The 
average  width  of  land  required  will  thus  be 

Central  width.     Base  of  slopes.  Ditches,  &c. 

.30   +    16-5    +    16-5    +    15    +    15  =  93  feet,  or  31  yards, 
which  will  give  about  1 1  j  acres  of  land  per  mile.     Allowing  for  severance,  &c., 
this  may  be  assumed  at  12  acres. 

The  quantity  of  ballasting,  30  feet  wide,  and  18  inches  thick,  will  equal 

5  cubic  yards  per  yard  forward,  or  8800  cubic  yards  per  mile. 

The  sleepers,  transverse,  8  feet  long,  and  10  inches  by  5  inches,  placed  2  feet 

6  inches  apart,  will  require  1 1,733  cubic  feet,  or  235  loads  of  timber  ;  or  4224 
sleepers  per  mile. 
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The  chairs  required,  supposing  the  rails  to  be  rolled  in  lengths  of  15  feet  each, 
will  be  1408  joint  chairs,  and  7040  intermediate;  and  theil-  weight,  reckoning 
each  joint  chair  at  20  lbs.,  and  each  intermediate  chair  at  15  lbs.,  will  be 
12  tons  11  cwt.  1  qr.  20  lbs.,  and  47  tons  2  cwt.  3  qrs.  12  lbs.,  respectively,  or 
59  tons  14  cwt.  1  qr.  4  lbs.  together. 

The  rails,  assuming  their  weight  at  5G  lbs.  per  yard,  will  weigh  1 7G  tons, — 
1408  lengths  being  required. 

If  two  oak  trenails  and  two  iron  spikes  be  required  for  each  chair,  16,896 
of  each  will  be  wanted  per  mile,  with  8448  wooden  keys  for  fixing  the  rails  in 
the  chairs. 

If  felt  be  interposed  between  the  chairs  and  sleepers,  and  the  former  be 
assumed  at  10X5  inches  bearing  surface,  2933  square  feet  of  felt  will  be  re- 
quired per  mile. 

The  timber  in  the  side  fences,  formed  of  posts  8  feet  long,  6x4  inches,  9  feet 
apart,  with  four  rails  5  X  2^  inches,  and  intermediate  upright  stay  3X2  inches, 
will  consume  as  follows:  1174  posts  =  1565  cubic  feet;  4696  rails  =  3666 
cubic  feet ;  1 174  stays=269  cubic  feet ;  or  a  total  of  1 10  loads. 

Of  the  masonry,  timber,  iron,  &c.,  &c.,  in  bridges,  viaducts,  culverts,  drains, 
retaining  walls,  &c.,  scarcely  any  estimate  can  be  formed.  Taking  the  average 
of  a  few  cases,  the  masonry  would  appear  to  amount  to  about  110,000  cubic 
feet  per  mile  ;  but  in  some  cases  from  30  to  50  per  cent,  of  this  quantity  is 
substituted  by  timber  and  iron. 

G.  D.  D. 


Xy. — Journal  of  the  Practical  Operations  in  Mining,  carried  on  under  the  Glacis,  in 
front  of  the  left  face  of  the  Ravelin,  and  the  right  face  of  the  Duke  of  Cumberland's 
Bastion,  Chatham  Lines,  during  the  months  of  October  and  November,  1844,  under 
the  direction  of  Lieut. -Colonel  Sir  J.  M.  F.  Smith,  Royal  Engineers,  Director  of  the 
Establishment  for  Field  Instruction. 

The  general  plan  accompanying  this  Journal  shows  the  disposition  and  extent  of  the  counter- 
mines, as  well  as  the  state  of  progress  of  the  offensive  mines  and  trenches,  on  Monday  the  21st 
of  October,  1844,  which,  in  consequence  of  the  previous  work  having  been  performed  at  broken 
periods,  may  be  considered,  so  far  as  regards  the  present  Journal,  as  the  first  day  of  the 
operations. 


COUXTER- 
MlNEi. 


Vide  Plan 
1!. 


Tlie  countermines  had  been  in  the  course  of 
gradual  construction  for  several  months,  with  a 
view  to  practising  the  officers  and  men  at  the 
Royal  Engineer  establishment  in  the  manual 
operations  of  sinking  shafts,  and  dri^•ing  gal- 
leries and  branches ;  and  in  order  to  make  this 
exercise  more  valuable,  the  galleries  were  ar- 
ranged according  to  a  system  proposed  by 
Lieutenant  H.  N.  Penrice,  of  the  Royal  En- 
gineers, a  very  intelligent  young  officer,  who, 
by  close  application  to  the  subject,  had  made 
himself  conversant  with  the  various  systems 
described  in  the  more  modern  and  improved 
works  on  the  art  of  Military  Mining. 

Lieutenant  Penrice's  system  is  composed  of 
principal  galleries,  driven  perpendicularh',  or 
nearly  so,  to  the  counterscarp,  for  a  distance  of 
about  180  feet  from  tlie  ditch,  and  at  intervals 
of  about  65  feet  apart ;  and  these  are  formed  in 
a  series  of  ascending  and  descending  planes,  so 
arranged  with  respect  to  eacli  otlier,  that  when 
seen  in  vertical  section  the  ascending  plane  of 
one  gallery  appears  to  be  opposite  to,  or  cor- 


The  earlier  operations  of  the  attack,  con-  Attack. 
sisting  of  batteries,  parallels,  and  approaches, 
had  been  carried  on  in  the  ordinary  summer 
instruction  of  the  junior  officers  and  men ;  and 
when  the  attack  of  the  countermines  was  de- 
cided upon.  Captain  G.  Wynne,  of  the  Royal 
Engineers,  was  appointed  to  conduct  it,  assisted 
by  the  under-mentioned  Officers  of  the  East 
India  Company's  Engineers,  viz. 


ENSIGNS. 

J.  H.  Dyas. 

A.  Fraser. 

C.  S.  Paton. 

H.  Drummond. 

J.  C.  Harris. 

P.  P.  L.  O'Connell. 


T.  G.  Glover. 
H.  Hyde. 
R.  Young'. 
J.  G.  Fife. 
G.  Hutchinson. 
G.  V.  Winscom. 


A  party  of  fifty-two  non-commissioned  offi- 
cers and  privates  of  the  Royal  and  East  India 
Company's  Sappers  and  Miners  were  selected 
for  tiie  attack,  and  formed  into  brigades;  and 
2000  lbs.  of  gunpowder  were  allotted  to  Captain 
Wvnne  for  the  attack. 
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Counter-  respond  with,  the  descending  plane  of  those 
MINES,      contiguous    to   it.      The    object    of  this    con- 
struction is  to  obtain  a  diversity  of  lines  of 
least  resistance. 

Lieutenant  Penrice  does  not  propose  any 
counterscarp  or  transverse  gallery  parallel  to 
the  ditch,  but  the  principal  galleries  are  united 
by  obUque  galleries  which  are  nearly  hori- 
zontal. 

This  system  of  defence  includes  a  method  of 
lodging  large  charges  of  gunpowder,  at  a  dis- 
tance of  from  12  to  15  feet,  from  the  ends  of 
the  galleries  or  branches. 

The  suggestion  is,  I  believe,  quite  new,  and 
the  mode  of  carrying  it  out  is  clever,  but  further 
experience  and  improvements  are  necessary  to 
render  the  arrangement  perfect  and  safe.' 
Depexce.  When  the  attack  was  commenced.  Lieutenant 
Penrice  was  directed  to  conduct  the  defence, 
and  1000  lbs.  of  gunpowder  were  placed  at  his 
disposal.  The  Officers  of  Royal  Engineers  ap- 
pointed to  assist  him,  and  to  take  charge  of  the 
several  reliefs,  were  as  follow,  viz. 


LIEUTENANTS. 


C.  S.  Hutchinson. 

H.  Wray. 

C.  Pasley. 

J.  Stokes. 

W.  R.  G.  Hickev. 


A.  Clarke. 
F.  Du  Cane. 
R.  D.  Kerr. 
J.  Y.  Moggridge. 
F.  Koe. 


A  party  of  eighty  non-commissioned  officers 
and  privates  of  the  Royal  and  East  India  Com- 
pany's Sappers  and  Miners  was  told  off  for  the 
defence,  and  formed  into  brigades. 


With  a  view  to  render  the  operations  more  Attack. 
instructive  to  the  officers  and  men,  precautions 
were  taken  to  prevent  either  party  being  in  any 
way  acquainted  with  the  general  plan,  or  the 
details  of  the  intended  measures  of  their  oppo- 
nents ;  and  with  this  object  they  were  kept 
perfectly  distinct  from  each  other,  and  both 
officers  and  men  abstained  scrupulously  from 
giving  any  information  to  those  opposed  to 
them.  The  greatest  zeal  and  emulation  were 
observable  on  either  side,  and  the  operations 
were  as  nearly  as  possible  assimilated  to  those 
which  would  be  carried  on  in  the  attack  or 
defence  of  an  enemy's  fortress. 

Each  party  had  its  own  magazine,  stores, 
implements,  and  mining  frames,  so  that  in 
every  respect  they  worked  independently  of 
each  other ;  but  in  order  that  the  whole  of  the 
w'orks  might  be  accurately  laid  down,  both 
above  and  below  ground,  and  embraced  in 
general  plans,  they  were  surveyed  daily  under 
the  orders  of  Captain  J.  Williams,  of  the  Royal 
Engineers,  and  the  operations  of  the  24  hours 
were  plotted  on  drawings,  which  were  kept  by 
him  under  lock  and  key,  and  to  which  no  one 
had  access  but  himself,  the  Director  of  the  In- 
stitution, Lieut.-Colonel  Sir  Frederic  Smith, 
and  the  Adjutant,  Captain  G.  Whitmore,  of 
the  Royal  Engineers.  Captain  Williams  also 
kept  a  journal  of  the  defence,  and  analyzed  and 
arranged  the  Reports  of  the  Executive  Officers 
employed  on  both  sides;  to  which  Captain 
Wynne  added  such  details  and  information  as 
had  not  been  embraced  by  the  junior  officers 
of  his  division. 

In  the  month  of  September,  Captain  Wynne 
had  pushed  forward  three  galleries  from  the 
third  parallel. 

The  right  gallery  (w)  being  1 1  feet  in  length. 
The  centre    do.     (x)       ,,     '23  ,, 

The  left         do.     (y)       „     12 


1  Lieutenant  Penrice's  description  of  his  invention  will  be  found  in  the  Appendix  to  this  Journal. 
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Dkfence.      The  miners  were  employed  in  preparing  a 

1844.     chamber  at  the  end  of  the  central  gallery  (C) 

21st  Oct.  for  j.},g  reception   of  a  charge,  the  operation 

l>t  (lav  of  1  1    •         1        r   11         • 

Defence  of  being  Conducted  m  the  followmg  manner. 
Counter-        ^  j^Qig  J 2  feet  long,  was  drilled  with  a  3-inch 

mines.  '  = 

bit,  and  a  charge  of  3fts.  of  gunpowder  was 
inserted.^  On  this  charge  being  fired,  the  ex- 
plosion was  sensiljly  felt  on  the  surface,  at  a 
distance  of  even  250  feet  from  the  spot.  On 
the  gallery  being  visited  immediately  after- 
wards, it  was  found  to  contain  very  little 
smoke. 

The  form  or  capacity  of  the  chamber  pro- 
duced by  this  fougasse  could  not  of  course  be 
determined  ;  but  judging  from  previous  experi- 
ments, it  was  assumed  that  it  would  be  suffici- 
ently large  to  contain  from  90  to  100  lbs.  of 
powder. 

The  chamber  would  have  been  immediately 
loaded,  but  it  was  found  tliat  the  oakum  which 
encircled  the  tamping  bar  liad  fixed  it  so  tightly 
to  the  sides  of  the  cylindrical  hole,  that  con- 
siderable force  was  necessary  to  extract  the 
bar,  and  required  so  much  time,  that  before  it 
could  be  effected  the  hour  had  arrived  for  dis- 
continuing the  work  for  the  day ;  and  moreover, 
arrangements  had  not  then  been  made  for  em- 
ploying the  men  beyond  the  ordinary  working 
hours. 

It  was  considered  that  in  loading  at  the  end 
of  so  long  a  gallery,  it  would  be  proper  to  light 
the  gallery  with  safety  lamps,  and  as  there  had 
never  been  any  belonging  to  the  establishment 
for  the  use  of  the  miners,  several  hours  were 
lost  this  morning  before  they  were  procured. 
They  were  at  length  borrowed  from  the  dock- 
yard and  the  observatory,  and  at  i  past  11 
o'clock  the  charge,  amounting  to  90  flis.,  made 
up  into  cartridges  of  1  lb.  eacii,  in  cylindrical 
flannel  bags,^  2|  inches  in  diameter,  was  con- 
veyed to  the  head  of  the  centre  gallery  (CI). 


22nd  Oct. 
2nd  day. 


The  garrison  were  heard  working  in  a  direc-  Attaci. 
tion  as  if  passing  to  the  right  of  the  centre     ih44. 
gallery  (.r).     A  branch  was  commenced,  and  j^^J'lj^'^'^j 
preparations    made    for    springing   a   mine    of  Attack  of 
300  lbs.,  in  order  to  blow  up  the  head  of  the  ^^™'"" 
countermine  galler)'.     A  chamber  was  made  to 
receive  three  boxes,  each  containing  100  lbs., 
and  every  thing  was  ready  for  loading,  when, 
after  reference  to  the  general  plan,  the  Director 
expressed  it  as  his  opinion,  that  although  this 
charge  might  damage  the  countermine  gallery, 
in  the  way  intended  by  Captain  Wynne,  yet 
that  it  would  injure  his  own  battery.     Captain 
Wynne  therefore   determined  to  lengthen  his 
gallery  before  he  fired. 

Two  frames  were  also  set  in  the  right  gallery 
{w). 

Late  in  the  evening,  in  the  left  gallery  {y),  a 
drift  was  commenced  by  boring  with  a  7-inch 
bit ;  this  mode  of  operation  having  been  adopted 
from  an  impression  that  one  of  the  countermine 
galleries  was  at  no  great  distance,  and  that  as 
the  miners  of  the  garrison  were  supposed  to  be 
preparing  a  charge,  it  was  right,  if  possible,  to 
anticipate  them. 


In  the  right  gallery  {w),  the  miners  advanced  ^'"'j''^^'^'' 
10  feet,  with  close  casing ;  and  in  the  centre 
gallery  (.r)  9  feet.     In  the  left  gallery  {y),  the 
drift  was  extended  19  feet  by  the  boring  Int. 

A  large  party  of  workmen  was  employed  in 
clearing  away  the  mud  from  the  trenches,  and 
protecting  the  mouths  of  the  galleries,  by  means 
of  a  lean-to  of  baulks  and  chesses,  resting  against 
the  interior  slope  of  the  parallel  and  the  sole  of 
the  trench. 


*  For  the  mode  of  operation,  vide  Appendix. 

*  Some  of  the  cartridges  had  previously  been  covered  with  paper,  and  some  with  flannel,  but  it  became 
necessary  to  discontinue  the  use  of  the  i)ai)tr,  as  it  broke,  and  spilt  the  powder. 
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Defence.  Some  further  delay  then  occurred  in  placing  in 

22nd  Oct.  the  cylindrical  hole    a   copper   pipe,    through 

2n(l  (lay.    which  the   charge  was  to   be  passed  into  the 

chamber,  and  it  was  1  o'clock  before  the  first 

cartridge  was  lodged  in  it. 

By  3  o'clock  the  loading  was  completed,  the 
whole  of  the  charge  having  been  passed  through 
the  tube. 

The  tamping  was  then  commenced,  and  was 
completed  in  40  minutes.  The  cylindrical  hole 
was,  as  before,  tamped  by  an  iron  bar,  tightly 
wedged  in.  To  this,  an  addition  was  made  of 
6  feet  of  earth  ;  and  to  give  still  greater  resist- 
ance in  the  direction  of  the  tamping,  two 
wooden  stanchions  were  nailed  transversely 
across  the  gallery.  It  is  to  be  observed,  that 
the  whole  length  of  the  tamping,  including  the 
bar,  was  only  equal  to  the  length  of  the  line  of 
least  resistance,  viz.,  20  feet. 
Character       Tlie  charge  was  90  Itis. 

No.  I.  The  distance  below  the  surface  of  the  glacis 

21  feet. 

The  mine  was  fired  vertically  under  an  angle 
of  the  parapet  of  an  offensive  half-sunken  bat- 
tery, and  was  nearer  in  a  direct  line  to  the 
platforms  than  to  the  surface  of  the  natural 
ground ;  the  former  was,  therefore,  the  point 
of  least  resistance,  the  distance  being  20  feet. 
The  defenders  distinctly  heard  the  miners  of 
the  assailants  at  work,  and  were  under  an  im- 
pression that  the  galleries  of  the  latter  were 
much  closer  to  them  than  was  actually  the  case. 
The  general  plan,  however,  in  the  hands  of 
Captain  Williams,  showed  that  the  defenders' 
charge  was  24  feet  distant  from,  and  3  feet 
lower,  than  the  sole  of  the  head  of  the  offensive 
»        central  galler}-  (C). 

Effect  of        From  the  smallness  of  the  charge,  in  refer- 

the  Mine  ...  .  ,  .  " 

No.  1.       ence  to  the  une  of  least  resistance,  no  crater  or 

surface  effect  was  expected ;  a  small  crater, 
however,  was  produced,  but  not  at  the  point  of 
least  resistance.  This  may  be  accounted  for 
by  the  fact,  that  the  tenacity  of  the  soil  around 
the  line  of  least  resistance  more  than  compen- 
sated for  the  increased  length  in  other  direc- 
tions, where  it  appears  that  the  ground   had 


22n(l  Oct. 
2ud  (lay. 


The  effect  of  the  mine  fired  Ijy  the  besieged 
was  imperceptible  on  the  attacking  gallery,  not 
a  frame  of  which  was  shaken,  nor  was  the  effi- 
ciency of  the  battery  in  any  way  impaired.  A 
considerable  quantity  of  smoke  was  seen  to 
issue  from  the  parapet,  which  must  have  escaped 
through  fissures  in  the  ground. 


IGO 
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Uefence.  been  disturbed  by  former  explosions.  The 
•'•>iidOct  ^^^^  "f  ^^^^  countermine  gallery  adjoining  the 
2nd  day.    tamping  was  uninjured,  and  so  free  from  smoke, 

as  to  offer  no  impediment  to  the  immediate 

employment  of  the  miners.^ 


23nl  Oct. 
3rd  dav. 


and  Icavinc 


From  this  day  the  miners  worked  in  three  reliefs,  beginning  at  G  in  the  morninc 
off  at  midnight,  each  party  working  six  hours. 

The  officers  also  were  employed  in  reliefs,  and  exchanged  duties  two  hours  Ijefore  the  men, 
which  was  found  a  better  system  than  changing  the  whole  together,  as  it  kept  up  the  chain  of 
information. 

This  was  general  to  both  the  opposing  parties. 


3r.l  day.  The  miners  lengthened  the  branch  (C  1)  10 
continued,  fg^j.^  j,„j  suspecting  that  the  mine  of  the  pre- 
vious day  had  not  done  much  injury  to  the 
assailants,  (who,  they  imagined,  would  advance 
in  that  direction.)  they  removed  the  old  tamping, 
with  the  view  of  making  the  same  chamber 
available  for  another  explosion. 


The  drivin;;  of  the  three  galleries  was  con-  2:!i.i  Oct. 

,  .  3nl  day, 

tuiued.  continued. 

As  the  boring  rods  were  not  sufficiently  long 
to  admit  of  tlic  work  being  pushed  further  by 
workmen  stationed  at  the  end  of  the  cased  gal- 
lery, the  advanced  end  of  the  drift  was  enlarged 
sufficiently  to  receive  a  workman,  who  resumed 
the  boring  of  the  drift  in  gallery  {«/)•  The  en- 
larging of  the  drift  was  performed  with  a  small 
curved  spade,  and  the  earth  was  drawn  out 
from  the  cylinder  by  means  of  a  broad  hoe. 

The  compass  bearing  of  the  centre  gallery  (a) 
was  38°  30'  west  of  the  south.  By  10  o'clock 
A.M.  it  had  been  driven  in  this  line  14  feet, 
whence  it  had  diverged  to  the  right,  for  a  short 
distance,  with  the  sole  inclined  downwards,  till 
it  reached  a  level,  3  feet  lower,  to  obtain  a 
greater  line  of  least  resistance.  The  whole 
progress  tliis  day  was  15  feet.  Captain  Wynne 
had  altered  the  direction,  in  consequence  of 
hearing  the  besieged  miners  at  work,  and 
hoping  to  meet  tlien)  by  the  change. 

The  right  gallery  {tr)  had  advanced  26  feet 
by  10  o'clock  a.m.,  and  on  leaving  off  work,  30 
feet;  and  its  bearing  was  20°  west  of  soutli. 

Tlie  left  gallery  (y)  had  not  advanced  above 
2  or  3  feet  by  the  drift.' 


*  Thi»  would  not  hnvc  been  the  case  if  the  charge  had  been  lodged  at  the  end  of  ii  branch,  formed  in  the 
usual  manner.  In  this  respect,  l-ieutcnant  I'enrice's  system  of  loading  and  tamping  has  therefore  a  decided 
superiority  over  the  ordinary  method. 

■■'  Tlie  difference  bctwtiii  Cnptuin  Wynne's  and  Lieutenant  Penricc's  system  of  boring,  is,  that  the  former 
uses  a  7-inch  bit,  nml  ili<  liitti  r,  one  of  only  3  inches.    Captain  Wynne  enlarges  his  bore  sufficiently  to  allow 
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The  untamping  of  the  first  mine  was  con- 
tinued. 

Gallery  C 1  was  driven  9  feet. 

At  the  end  of  gallery  C  2,  a  boring  was  com- 
menced, to  be  ready  for  the  assailants,  who, 
being  heard,  were  supposed  to  be  advancing  in 
that  direction. 


Gallery  C  2  was  pushed  on,  and  galleries 
C  and  C  1  were  cleared  of  rubbish,  and  the 
frames  strengthened  by  struts. 

The  assailants  being  heard  from  the  head  of 
gallery  C2,  every  endeavour  was  made  to  ad- 
vance it,  with  the  view  of  boring  towards  them, 
and  discovering;  their  charsfc. 


The  countermine  galleries  were  not  in  the 
slightest  degree  shaken  or  injured  by  the  ex- 
plosion of  the  besiegers'  mine  No.  II. 

The  direction  of  gallery  C2  was  changed, 
30"  towards  the  east,  with  the  view  to  take  tiie 
attack  in  reverse. 

The  operations  were  carried  on  till  midnight. 


Drift  in  tlie  left  gallery  [y)  advanced  2  feet. 
A  chamber  formed  to  the  right,  4  feet  cube. 
Total  length  of  drift  in  a  direct  line  26  feet. 

Centre  gallery  {jc)  advanced  3  feet.  Total 
length  48  feet.  A  chamber  formed,  4  feet 
cube. 

Right  gallery  [ic]  advanced  10  feet.  Total 
length  40  feet. 

This  morning,  a  double  sap  was  commenced 
at  the  right  extremity  of  the  parallel,  and  at  the 
time  of  leaving  off  work,  it  was  75  feet  in 
advance  of  the  parallel. 

The  chamber  in  the  left  gallery  (y)  was 
loaded  with  300Tt5s.  of  powder.  From  the 
smaUness  of  the  drift,  whicli  was  only  2  feet  in 
diameter,  considerable  difficulty  was  experi- 
enced in  passing  the  charge,  which  was  con- 
tained in  three  boxes,  each  of  100  lbs. 

The  tamping  was  formed  of  half-dried  mud, 
moulded  into  the  shape  of  bricks,  and  was 
completed  to  the  extent  of  25  feet  in  2  hours 
and  48  minutes.  It  was  at  first  attempted  to 
use  filled  sand-bags^  for  the  tamping,  but 
their  weight  rendered  the  work  very  laborious, 
tedious,  and  almost  impracticable. 

The  charge  was  300  tbs. 

The  line  of  least  resistance  16  feet. 

The  tamping  (as  already  stated)  25  feet. 

It  was  known  to  the  Director,  and  Captain 
Williams,  by  the  general  plan,  that  the  nearest 
countermine  was  35  feet  distant  from  the  centre 
of  the  charge,  but  the  assailants  believed  them- 
selves to  be  much  closer. 

The  mine  was  exploded  at  3  o'clock  p.m., 
and  produced  a  crater  measuring  about  24  feet 
in  diameter,  and  4  feet  6  inches  in  depth  at 
the  centre,  but  it  was  so  shallow  at  the  lip  as 
to  afford  very  little  cover.  It  was,  however, 
crowned  instantly  after  the  explosion  by  two 
brigades  of   Sappers  previously  appointed  to 


24th  Oct. 
4th  dar. 


25th  Oct. 
5th  day. 
Mine 
No.  II. 


Character 
of  Mine 
No.  II. 


Effect  of 
the  Mine 
No.  II. 


of  a  man  passing  through  it,  for  the  purpose  of  digging  out  and  loading  a  chamber  at  the  end  of  it ;  whereas 
Lieutenant  Penrice  keeps  the  bore  as  small  as  possible,  in  order  to  form,  with  less  aftcr-laliour,  the  chamber 
of  his  principal  charge.  The  latter  process  is  suited  to  every  soil,  but  the  former  would  be  attended  with 
risk  in  any  but  tenacious  soil. 

*  Half-bushel  sand-bags  would  probably  be  found  convenient  for  tamping,  and  arc  worth  a  trial. 
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Defence,  when,  owing  to  the  unfavourable  state  of  the 
25,),  t,ct.  weather,  the  men  were  allowed  to  return  to 
5th  day.     their  barracks. 


26th  Oct. 
6th  (lav. 


See 

Plate  C. 
marked 
<i—V— 


The  boring  commenced  on  the  24th  in 
gallery  C2  was  continued.  At  11  o'clock 
A.M.  the  miners  reported  to  Lieut.  Penrice 
that  the  boring  bit  appeared  to  be  in  contact 
with  some  wooden  substance.  An  exceedingly 
small  gallery,  without  casing,  and  somewhat  in 
the  form  of  a  barrel  drain,  was  driven  in  the 
direction  of  the  bore,  to  ascertain  whether  the 
obstruction  was  part  of  the  side  sheeting  of  the 
besiegers'  gallery,  or  the  powder  box  containing 
a  charge.  The  besiegers'  miners  were  distinctly 
heard. 

Owing  to  the  unfavourable  nature  of  the  soO, 
and  to  the  want  of  proper  supports,  the  earth 
fell  in  on  the  besieged  miners,  when  they  had 
actually  reached  within  3  feet  of  the  assailants' 
work ;  and  every  subsequent  endeavour  to  ad- 
vance was  ineffectual.  At  length,  abandoning 
that  attempt,  an  effort  was  made  to  flood  the 
assailants'  charge,  by  forcing  water  into  the 
chamber  by  means  of  a  fire-engine ;  but  before 
this  could  be  accomplished,  the  whole  of  the 
workmen  on  both  sides  retired,  in  compliance 
with  the  orders  of  the  Director,  in  consequence 
of  the  besiegers  having  given  notice  that  they 
were  ready  to  fire  a  mine. 


that  duty.     The  lodgement  was  speedily  com-  Attack. 
pleted,  and  was  a  very   respectable   one.     A  gsoToct. 
descending  ramp  was  immediately  commenced,  5th  day. 
towards  the  most  advanced  part  of  the  crater, 
for   the   purpose   of   dri-ving   forward   a   fresh 
gallery  (z),  which  was  pushed  in  advance  12 
feet. 

WTien  this  mine  was  fired,  the  superincum- 
bent earth  was  very  gently  raised  up,  and  fell 
down  almost  in  the  same  place,  none  of  it  being 
scattered  to  a  distance. 

The  centre  gallery  (r)  was  advanced  beyond 
the  chamber,  to  the  distance  of  5  feet,  and 
another  small  branch  made  to  the  left,  with  a 
fresh  chamber  to  the  right. 

The   centre    gallery    (x)    was   prepared  this  26th  Oct. 

.  -,11       ,      6th  day. 

morning  for  a  charge.  At  nme  o  clock  the  jii„e 
loading  was  commenced  with  a  charge  of  300  lbs.  ^'"-  '"• 
The  object  which  Captain  Wynne  had  in  form- 
ing this  mine  was  to  extend  the  lodgement  made 
on  the  previous  day,  to  destroy  any  counter- 
mines which  might  fall  within  its  influence,  and 
to  facilitate  a  subsequent  advance. 

A  chamber  was  formed  in  a  small  return  at 
the  head  of  gallery  x,  which  had  by  this  time 
attained  a  total  length  of  53  feet. 

The  battery  in  front  of  the  third  parallel, 
being  now  supposed  to  have  fulfilled  its  object, 
was  dismantled,  and  the  guns  were  withdrawn. 

The  tamping  of  the  mine  was  about  21  feet, 
and  was  finished  in  3i  hours.' 

At  half-past  two  o'clock  the  signal  was  given 
by  the  assailants  that  all  was  ready,  and  at 
three  o'clock,  the  ground  being  cleared  of  spec- 
Utors,  and  the  miners  removed  from  the  whole 
of  the  galleries,  the  mine  was  fired. 

This  mine  was  fired  with  powder  hose. 

The  charge  was  .300  lbs.  Character 

Line  from  tlie  charge  to  the  surface  20  feet,    j,,,;  m 

Ditto  to  the  head  of  the  nearest  countermine 
gallery  {C'2)  9  feet. 

Length  of  tamping  21  feet. 


'  This  branch  could  not  have  been  efficiently  tamped,  from  2  to  3  feet  an  hour  being  the  full  extent  of 
tamping  that  can  be  perfornicd,  when  the  earth  is  well  raumied. 
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26th  Oct. 
tith  (lav. 


After  the  explosion,  the  state  of  the  counter- 
mine gallery  C  2  was  examined. 

Five  frames  adjoining  the  head  of  the  gallery 
were  found  to  be  crippled,  but  not  thrown 
down,  although  their  distance  from  the  centre 
of  the  charge  could  not  have  exceeded  10  feet. 
This  was  the  only  injury  which  the  countermine 
gallery  had  sustained.* 

During  the  morning  a  charge  had  been  placed, 
containing  54  ffis.  of  gunpowder,  in  gallery 
C  1,  with  the  view  of  blowing  up  a  lodgement 
which  the  besiegers  had  established  nearly 
over  it. 

The  Director,  having  examined  the  works 
after  the  besiegers'  explosion,  and  their  subse- 
quent discovery  of  one  of  the  countermine  gal- 
leries, determined  that  the  besiegers  should  be 
placed  in  possession  of  the  gallery  and  branches 
of  the  countermines  in  advance  of  the  point  of 
contact. 

Two  hours'  time  were  granted  by  the  Director, 
during  which  the  besieged  were  allowed  to  take 
steps  to  prevent  the  besiegers  from  advancing 
along  the  gallery  C. 


Very  little   alteration   was  apparent  on  the  Attack. 
surface,  the  earth  being  very  gently  heaved  up,  26th  Oct. 
and  falling  down  nearly  in  the  same  place,  (as  *''''  ••»y- 
in  Mine  No.  II.)     Tlie'form  of  the  crater  was  f^^f"^ 

'  the  Mine 

therefore  hardly  distinguishable,  but  it  appeared  No.  III. 
to  be  elliptical,  measuring  about  15  feet  by  16 
feet.  Immediately  over  the  charge  the  ground 
was  broken  so  as  to  form  a  little  cover,  about  4 
feet  in  depth.  The  gallery  was  so  filled  with 
smoke  as  to  render  it  impossible  for  the  miners 
to  enter  it  for  several  hours,  which  confirms 
the  opinion  that  the  gallery  was  not  efficiently 
tamped.  The  chamber  was  under  the  left  em- 
brasure of  the  battery. 

Captain  Wynne's  object  in  firing  a  charge  in 
a  situation  where  it  was  calculated  to  injure  his 
own  work,  was  to  destroy  the  gallery  of  the 
enemy,  at  which  he  was  distinctly  heard  work- 
ing. Every  exertion  was  therefore  made  to 
gain  time,  and  this  led  to  the  imperfect  tamp- 
ing. It  was,  however,  performed  with  sand- 
bags, which  Captain  Wynne  reports  to  have 
been  well  rammed.  The  mining  frames  had 
been  removed,  and  at  the  return,  planks  were 
placed  against  the  bags,  and  were  strutted  to 
the  opposite  side  of  the  branch. 

Immediately  after  the  explosion,  the  crater 
was  crowned  and  connected  with  the  sap  pro- 
ceeding from  the  former  crater  on  its  left. 
Distance  of  Flying  Sap  55  feet.  From  the  end 
of  this  sap,  which  was  the  most  advanced  point, 
the  besiegers  commenced  sinking  a  shaft,  in- 
tended to  be  of  the  depth  of  7  or  8  feet,  from 
the  bottom  of  which  it  was  proposed  to  push 
on  a  fresh  gallery ;  but  on  arriving  at  the  depth 
of  3  feet  below  the  bottom  of  the  trench  of  the 
lodgement,  the  miners  came  upon  a  gallery  (C) 
of  the  garrison,  and  therefore  all  further  pro- 
ceedings were  suspended,  according  to  orders 
previously  issued  by  the  Director,  to  avoid  per- 
sonal conflict  between  the  opposing  parties. 


8  From  the  above-stated  result,  it  is  to  be  inferred  that  moderately  charged  mines  may  be  fired,  very  near 
to  the  heads  of  galleries,  without  injuring  them  materially;  and  it  would  therefore  seem  to  be  essential,  where 
it  is  desired  to  destroy  an  opposing  galler>%  to  lodge  the  charge  in  such  a  position,  that  its  action  shall 
be  against  the  side,  roof,  or  sole  of  such  work. 
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Right  gallery  (w)  advanced  5  feet.  Attack. 

Left  gallen-  (c)  advanced  2  feet.  Total  length  2f,orOct 
14  feet.     Soil  loose  and  difficult  to  sustain.         6tli  day. 

On   the   2rth  and   28th    Octoher,  the   officers,   non-commissioned  officers,  and  men,  were 
employed  on  military  duties. 


29tli  Oct. 
7th  dav. 


Mine 
No.  IV. 


Character 
of  Mine 
No.  IV. 


Effect  of 
the  Mine 
No.  IV. 


Shortly  after  eight  o'clock  a.  m.,  the  garrison 
having  sounded  the  warning  bugle,  a  mine  was 
fired  from  gallery  C  2,  for  the  purpose  of  ren- 
dering that  gallery,  and  the  advanced  part  of 
gallery  C,  useless  to  the  assailants. 

Lieut.  Penrice  was  permitted  to  take  this 
step,  as,  on  actual  service,  such  a  charge  would 
have  been  previously  prepared  for  the  pur- 
pose." 

The  charge  was  25  Tbs. 

The  line  to  the  surface  of  the  glacis  was 
1.3  feet. 

The  tamping  was  8  feet. 

The  least  resistance  was  in  a  line  towards 
Captain  Wynne's  shaft  and  the  broken  ground 
around  it,  and  as  the  earth  in  that  direction 
possessed  but  httle  tenacity,  pieces  of  plank 
and  clods  of  earth  were  thrown  to  a  consider- 
able height  by  the  explosion. 

The  effect  was  very  injurious  to  the  sur- 
rounding portion  of  the  countermines.  The 
shaft  which  had  been  formed  at  the  junction  of 
the  five  branches  and  galleries '"  shown  on  the 
plan,  collapsed  and  fell  in,  and  thus  cut  off 
the  communication  into  galleries  C  1  and  C  2, 
which  had  by  the  decision  of  the  Director  been 
assigned  to  the  assailants.  However,  it  would 
have  been  open  to  Lieut.  Penrice  to  have  fired 
the  charge  of  54  Itis.  of  powder,  which,  as  be- 
fore stated,   had   been  lodged  by  iiim  on  the 


Operations  commenced  this  morning  at  6  29th  Oct. 
o'clock,  but  very  Uttle  work  was  done  this  day.  ''    "'^' 

Gallery  w  was  driven  forward  3  feet  during 
the  day. 

The  lodgement  was  extended  10  gabions  to- 
wards the  right  by  sap.  The  right  gallery  was 
pushed  on  3  feet,  (total  length  53  feet,)  and  a 
proportion  of  the  countermine  gallery,  surren- 
dered by  order  of  the  Director,  was  cleared  of 
the  tamping  placed  in  it  by  Lieut.  Penrice 
during  the  two  hours  allowed  to  him. 

At  about  8  o'clock  a.  m.  the  warning  bugle 
was  sounded  by  the  besieged,  as  a  notice  that 
they  were  prepared  to  fire  a  mine,  and  both 
parties  were  in  consequence  ordered  to  retire. 
This  mine  was  fired  prematurely,  and  before 
the  positive  sanction  of  the  Director  had  been 
obtained,  which  led  to  his  issuing  an  order  pro- 
hibiting any  future  mine  being  fired,  excejiting 
his  personal  or  written  directions  should  have 
been  received  by  tlie  Officer  in  charge." 

After  the  explosion,  the  crater  was  crowned 
by  two  brigades  of  Sappers,  l)y  the  Flying  Sap. 
The  original  lodgement  remained  uninjured,  and 
from  the  cracked  and  broken  state  of  the  ground 
for  about  6  yards  in  front,  the  assailants  were 
enabled  to  push  their  works  that  far  in  ad- 
vance. 


'  The  besieged  would,  on  actual  service,  have  had  strong  barricade  gates,  which  would  have  been  imme- 
diately closed,  and  backed  up  with  sand-hags.  The  giJlerj-  would  also  have  been  tamped  backwards,  having 
occasional  small  charges  of  gunpowder  lodged  in  the  tamping,  for  the  purjiose  of  wounding  the  besiegers' 
miners  in  any  attempt  they  might  make  to  penetrate  along  this  gallery  by  untamping. 

"•  Galleries  C,  C  1,  C2,  C  3,  and  C4. 

"  Orders  were  at  the  same  time  promulgated,  that  no  powder  should  be  issued  from  the  luboratorj',  excepting 
by  the  written  order  of  the  Director,  on  the  application  of  the  Officer  in  charge. 
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DEfEKCE.  26th  at  the  end  of  gallery  C  1,  but  he  had  Ai-tack. 

29tiroet    omitted  the  precaution,  before  firing  mine  No.  ■>9t77^t 

7th  day.     IV.  in  gallery  C  2,  to  lead  the  hose  sufficiently  Ttii  day. 

far   towards    the    counterscarp   to    insure   his 

having  access  to  it :  the  consequence  was,  that 

the  charge  of  54  Tbs.  was  oljliged  to  be  alian- 

doned  to  the  assailants. 

Gallery  C  4  was  by  the  concussion  almost 

filled  with  earth,  and  rendered  impassable  for 

the  distance  of  nearly  15  feet  from  its  head. 

It  should  be  remarked,  that  in  this  part  of  the 

gallery  the  sheeting  was  imperfect. 

In  proceeding  along  the  gallery  C,  aljout  half 

an  hour  after  the  explosion,  the  accumulation 

of  smoke  in  the  troughs  or  hollows  formed  by 

the  gradients  of  the  gallery  was  very  remark- 
able, whilst  the  upper  part  of  the  planes  was 

nearly  free  from  it. 

The  advance   of  the  besiegers'  double  sap 

having  been  observed,  a  chamber  was  formed 

S«  at  the  end  of  gallery  B,  with  the  view  of  de- 

Plate  C,  .  ^        J      ' 

marked'  stroving  the  trench.  Ten  feet  in  rear  of  the 
\  II .  and  chamber,  and  at  right  angles  to  the  left,  a  small 
brancli  was  driven :  the  object  was  to  place 
another  charge  at  its  extremity,  and  by  firing 
both  together,  to  increase  the  surface  of  e.x- 
plosion.  This  branch  was  made  to  ascend  1  foot 
in  3. 

In  order  to  guard  the  gallery  B  from  the 
efifect  of  these  mines,  it  was  strengthened  by 
shoring. 

During  the  afternoon,  Lieut.  Penrice  effected 
an  entrance  into  gallery  C  (which  had  been 
isolated  by  the  morning's  explosion  of  mine 
No.  IV.),  and  discovered  his  hose.  He  attached 
considerable  importance  to  the  firing  of  the 
mine  with  which  this  hose  was  connected,  as 
he  hoped  it  would  destroy  part  of  the  besiegers' 
lodgement. 

The  Officer  charged  with  the  firing  inad- 
vertently took  a  lighted  portfire  along  the  gal- 
leries, and  being  unable  to  find  the  hose  im- 
mediately on  his  arrival  at  the  point  for  igni- 
tion, the  gallery  becanie  so  filled  with  smoke, 
and  so  offensive  from  the  smell  of  the  burning 
portfire,  as  to  oblige  him  to  retire.    Some  time 
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29th  Oct. 
;th  dav. 


Mine 
No.  V. 


.lOtli  Oct. 
Mth  day. 

Mine 
No.  V. 


Mine 
No.  VI. 


Character 
of  Mine 
No.  VI. 


Effect  of 
the  Mine 
No.  VI. 


elapsed  (probably  half  an  hour)  before  the  gal- 
lery could  be  re-entered  and  the  train  lighted. 
The  train  had  been  formed  of  short  lengths  of 
Bickford's  fuse,  tied  together;  and  from  this 
defective  arrangement  the  fire  was  not  carried 
on  to  the  chamber,  and  no  explosion  took 
place. 

With  the  view  to  harass  the  assailants,  and 
drive  them  from  the  centre  gallery  C,  which 
had  been  given  over  by  the  Director,  the  be- 
sieged lodged  a  charge  of  5  lbs.  of  powder  close 
to  the  point  surrendered,  and  commenced 
tamping  the  gallery. 

At  8  o'clock  A.  M.  the  small  fougasse  of  5  lbs. 
was,  after  due  warning,  and  the  withdrawal  of 
the  men,  fired  by  Lieut.  Penrice.  Taking  ad- 
vantage of  the  delay  this  would  occasion,  Lieut. 
Penrice  placed  a  charge  of  25  lbs.  in  a  chamber 
on  the  left  side  of  the  gallery  C,  and  12  feet  in 
rear  of  the  chamber  of  the  fougasse  of  5  tbs. 
Theobjectof  the  larger  charge  (No.  YL)  of  25  Tbs. 
was  to  injure  a  portion  of  the  gallery,  and  to 
render  it  unserviceable  to  the  besiegers.  After 
the  signal  for  firing  being  given,  and  the  men 
withdrawn,  the  explosion  took  place  at  \  before 
12  o'clock  A.M. 

The  charge  was  25  tbs. 

The  distance  to  the  surface  of  the  glacis 
IG  feet. 

The  line  of  least  resistance  was  in  the  direc- 
tion of  the  countermine  gallery  (',  of  which  S  feet 
was  tamped. 

lliere  was  no  exterior  movement  of  ground 
whatever,  but  the  countermine  gallery  C  was 
destroyed  for  a  distance  of  8  feet  from  the 
tamping,  and  frames  were  displaced  to  the 
extent  of  25  feet  from  the  charge. 

The  adjoining  gallery  (C'3)  was  likewise  filled 
in  to  the  distance  of  30  feet. 

Immediately  after  the  explosion,  the  Director, 
accompanied  by  Captain  Williams  and  Lieut. 
Clarke,  advanced  as  near  to  the  tamj)ing  as  the 
insecure  state  of  the  frames  would  permit,  and 
they  found,  that  although  there  was  smoke  in 
the  gallery,  there  was  no  difficulty  of  respiration, 
and   the   candles    burned   brightly.     After   re- 


29th  Oct. 
7th  dav. 


Galleries  w  and  ~  were  this  day  respectively  30th  Oct. 
advanced  6  feet  and  7  feet.  The  double  sap  *■ ' 
was  also  pushed  forward  10  feet,  and  the  sappers 
were  then  withdrawn,  in  order  to  wait  for  the 
further  progress  of  the  gallery  w.  The  lodge- 
ment was  extended  towards  the  double  sap  by 
the  single  sap,  and  additional  communications 
established  with  the  third  parallel. 


This  explosion  produced  no  effect  whatever 
on  the  under-srround  works  of  the  attack. 


PRACTICAL  OPERATIONS  IN  MINING.  1G7 

Defence,  maining  there  for  Some  time  they  retired,  tlie  Attack. 

TT      miners  having  proceeded  to  their  dinners.  soth  Oct. 

8ih  day.         At  an  earlier  period  of  the  day,  a  charge  of  *"''  ••»?• 

Mine         lOOffis.  (No.  VII.')  was  lodged  in  the  chaml)er 

No.  \  II.  ^^  ^Y\Q  extremity  of  gallery  B,  and  a  branch 
driven  to  the  left,  9  feet  in  the  rear,  to  obtain 
soil  for  tamping.  At  about  2  o'clock  p.  m. 
(that  is,  about  2\  hours  after  the  explosion,) 
an  accident  occurred  which  caused  the  deepest 
regret  to  every  one  engaged  in  these  operations. 
At  about  2  hours  after  the  explosion  of  the 
25  fbs.  of  powder,  a  brigade  of  miners  com- 
menced work  in  gallery  C,  under  the  orders  of 
Lieut.  Moggridge,  in  putting  up  the  frames 
that  had  been  knocked  down.  This  officer, 
observing  the  lights  to  burn  dimly,  and  feeling 
a  deficiency  of  air,  ordered  his  party  to  with- 
draw, and  he  himself  retired  towards  the  mouth 
of  the  gallery,  to  examine  the  ventilating  pipes. 
Whilst  so  occupied,  he  heard  an  alarm  that  an 
accident  had  happened  at  the  head  of  the  gal- 
lery, and  repairing  instantly  to  the  spot,  he  found 
tn'o  of  his  miners  senseless.  A  very  gallant  at- 
tempt was  made  by  Lieut.  Moggridge  to  drag 
out  the  foremost  man,  but,  overcome  by  the 
foul  air,  he  himself  fainted,  and  was  carried  out 
by  Colour-Serjeant  G.  Shepherd  and  Private  J. 
Murphy,  R-  S.  and  M.  After  some  difficulty 
and  delay,  which  may  be  attributed  chiefly  to 
the  undulating  form  of  the  gallery,  the  two  men 
were  rescued,  but  not  until  a  third  had  fainted. 
Medical  aid  was  fortunately  at  hand,  and  two 
out  of  the  three  miners  were  restored,  but  un- 
happily the  third  (Private  James  Sullivan,  of 
the  East  India  Company's  Sappers  and  Miners) 
was  brought  out  dead,  and  all  attempts  for  his 
recovery  proved  unsuccessful.  From  the  re- 
sults of  a  subsequent  investigation  before  a 
Court  of  Inquiry,  it  appeared  that  the  two 
men,  instead  of  promptly  obeying  the  com- 
mand to  retire,  had  loitered  in  the  gallery,  and 
that  one  of  them  afterwards  either  removed  a 
plank,  or  otherwise  disturbed  the  earth  with 
his  pick,  when  it  is  supposed  that  a  sudden  in- 
break of  carbonic  acid  gas  immediately  pro- 
strated the  men.     Yet  it  would  appear,  from 
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lir.rENCE.  the  evidence  produced  before  the  Court  of  In- 
nitilToct  q"'''y»  t'^^*-  I'gl't^  "ere  burning  on  or  near  the 
sih  (lav.     ground  the  whole  time ;  and  it  is  certain,  that 

instantly  after  the  last  man  was  carried  out  of 

the  gallery,  it  was  traversed  in  its  whole  length 

by    Lance-Corporal    J.    Wood,    of  the    Royal 

Sappers  and  Miners,  who  carried  a  light  in  his 

hand,  and   experienced  no  great  difficulty  in 

breathing. 

On  the  31st  of  October,  the  officers,  non-commissioned  officers,  and  men,  were  employed  on 
military  duties. 


30tli  Oct. 
8tli  (lav. 


I  si  Nov 
9ili  (lav 


The  Director  went  through  the  whole  of  the 
countermines  this  morning  before  any  of  the 
working  parties  were  allowed  to  enter.    Hawig 
tlms  satisfied  himself  of  their  freedom   from 
choke  damp,  he  approved  of  the  following  plan 
of  defence,  submitted  to  him,  in  the  absence  of 
Lieut.  Penrice,  R.  E.,'^  by  the  imder-mentioned 
Officers  of  Royal  Engineers,  viz. : 
Lieut.  C.  S.  Hutchinson, 
„      H.  Wray, 
„      J.  Stokes, 
to  each  of  whom  some  special  duty  was  assigned 
in  the  operations  that  follow. 

At  the  end  of  gallery  A,  a  charge  of  50  lbs.  of 
powder  was  to  be  placed  to  the  left,  and  well 
tamped. 

In  gallery  C  .3,  a  charge  was  also  to  be 
lodged,  51  feet  from  its  junction  with  gallery 
A.     Charge  25  fts.  (No.  VIIL) 

Further;  in  gallery  C,  at  a  distance  of  86 
feet  from  the  mouth,  or  2  feet  beyond  the 
summit  of  the  second  gradient,  a  small  branch 
was  ordered  to  be  excavated  10  feet,  and  rising 
4  feet,  to  receive  a  charge,  XIV. 

By  this  disposition  the  besieged  were  enabled 
to  meet  their  assailants  on  the  extended  front 
they  had  begun  to  show. 

The  quantity   of  powder  disposable  for  the 


The  double  sap  on  the  ri<rbt  was  pushed  for-  1st  Nov. 
ward  12  gabions. 

Galleries  w  and  z  advanced  as  follows : 
Gallen,-  w  .     .     .     7  feet. 
Do.      r   .     .     .     8  feet. 

At  two  o'clock  p.  M.,  from  the  most  advanced 
lodgement,  the  besieged  pushed  forward  a  single 
sap  to  the  right,  to  join  the  double  sap,  so  as 
to  form  a  continuous  communication  from  one 
extremity  of  the  attack  to  the  other ;  viz.,  from 
the  gallery  z  on  the  left  to  the  double  sap  on 
the  right. 

The  besiegers  now  anticipated  an  explosion 
on  their  left,  as  the  enemy  were  heard  at  work, 
and,  as  they  conceived,  in  tamping  rather  below 
them,  and  about  12  feet  distant.  Tliis  was, 
however,  an  error. 


"  Lieutenant  Penrice  was  attacked  with  inflammatory  sore  throat,  and  cold,  caught  by  over-exertion  and 

exposure  to  the  night  air,  for  several  successive  nights,  and  was  obliged  to  lay  up  for  a  coujile  of  days,  at  the 
end  of  which  he  was  summoned  to  Norfolk,  to  attend  his  father's  death-bed ;  and  from  this  period  took  no 
further  part  in  the  operations. 
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1st  Not. 
9th  dav. 


Mines 
N0S.VII.' 
and  VII.' 


Defence,  defence  having  been  much  diminished,  the 
Director  ordered  the  branches  for  the  new 
mines  to  be  inclined  upwards  as  much  as  pos- 
sible, with  a  view  to  diminish  the  line  of  least 
resistance. 

The  galleries  were  visited  this  day  by  the 
Secretary-at-War,"  who  appeared  to  take  much 
interest  in  the  siege  operations. 

It  has  been  stated,  that  a  charge  of  100  ffis. 
.00  lbs.  in  bo..  (j^o_    VII.')     was 

placed    on    a    pre- 
vious   day    at     the 
extremity  of  gallery 
B,  and  this  morning 
an  additional  charge 
of     200    tbs.     was 
s  placed  in  the  branch 
J  already   alluded   to, 
I  with  the   object   of 

1  injuring  the  double 
•g  sap     and    the    ad- 

2  joining  lodgement. 
t  At  5  o'clock  P.M. 
•I  these  mines  (Nos. 
I  VII.'™"'^)wereready 
■5  for  explosion,  and 
i  the    warning   bugle 

was     sounded     for 

firing,  on  which  the 

miners  on  both  sides 

were         withdrawn 

from      the      works. 

The  tamping  having 

been  hastily  carried 

on,  for  the  purpose  of  getting  it  ready  to  admit  of 

the  explosion  being  witnessed  by  the  Secre- 

tary-at-War,  more  than  the  usual  number  of 

men   had  been  employed  in  the  gallery,  and 

the  air  had  in  consequence  become  so  bad,  as 

hardly  to  support  the  flame  of  a  candle.    Owing 

to  this  circumstance,  it  was  found  impracticable 

to  light  the    portfire;    the  Director  therefore 

ordered   26  feet  of  hose  to  be    added,  when 

ignition  was  eflfected  without  diflficulty. 


Ibt  Nov. 
Sib  dav. 


'3  The  Ri"-ht  Honourable  Sir  Thomas  Freemantle,  Bart. 
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Defence. 

lit  Nov. 
9t)i  day. 
Charges  of 
the  Mines 
N0S.VII.' 
and  VII.! 
Effect  of 
the  Mines 
No.  Vil. 

Mine 
No.  VIII. 


Character 
iif  .Mine 
No.  VIII. 


Effect  of 
the  Mine 
No.  Vlll. 


The  charges  were  100  fts.  and  200ffis. 

The  tamping,  from  8  to  10  feet,  being  com- 
pleted by  fascines  picketed  down." 

Lines  of  least  resistance  about  14  feet  and 
16  feet  respectively. 

The  explosion  destroyed  24  feet  of  counter- 
mine gallery  B,  which  arose  chiefly  from  the 
insufficiency  of  the  tamping. 

A  small  mine  (No.  VIII.)  was  also  fired  in 
gallery  C  3,  with  the  view  to  prevent  its  ad- 
vanced portions  being  serviceable  to  the  as- 
sailants. 

The  charge  was  25  ffis. 

The  line  of  least  resistance,  measuring  to  the 
surface,  14  feet. 

The  tamping,  8  feet  beyond  the  charge,  and  5 
feet  behind  it,  using  the  soil  of  a  branch  e.K- 
cavated  still  further  to  the  rear. 

A  portion  of  the  gallery  A,  nearest  to  the 
charge,  although  24  feet  distant,  was  injured, 
and  rendered  impassable. 

On  the  2nd  of  November,  the  officers,  non-commissioned  officers,  and  men,  were  employed  on 
mihtary  duties. 


1st  Nov. 
0th  dav. 


■Jth  Nov. 
10th  dav. 


The  head  of  the  doulile  sap  was  destroyed 
by  the  explosion  of  the  enemy's  mines,  Nos. 
VII.  '  *'"'  -,  together  with  a  portion  of  the  ap- 
proach, for  a  length  of  8  gabions.  The  sap 
rollers  were  also  thrown  over,  thereby  opening 
the  trench  to  the  fire  from  the  parapets  of  the 
garrison. 

The  besiegers  crowned  the  crater.  This  was, 
however,  shallow,  and  aff"orded  but  A'ery  in- 
different cover ;  so  much  so  as  to  make  it 
doubtful  whether,  in  actual  warfare,  a  crowning 
of  it  would  have  been  practicable. 


Sunday. 

In  consequence  of  the  shattered  state  of 
the  frames,  caused  by  the  explosion  of  mine 
No.  VIII.,  it  was  found  necessary  to  aban- 
don the  charge  of  50  tbs.,  which  had  been 
placed  at  the  head  of  gallery  A,  it  being  unsafe 
for  the  miners  to  pass  to  the  charge. 

After  the  explosion  of  mines  Nos.  VII. '  ^'^  ^ 
and  VIII.,  it  became  necessary  to  take  up  a 
more  retired  line  of  defence,  and  the  Committee 
of  Officers  before-named  ''"  made  a  proposition 
to  the  Director,  to  concentrate  the  operations 
towards  the  centre.  The  state  of  the  extreme 
galleries  A  and  B,  combined  with  the  deficiency 
of  powder,  induced  these  Officers  to  abandon 
all  further  attempt  at  the  defence  of  those  gal- 


lOth  dav. 


Sunday.  3rd  Nov. 

At  6  o'clock  A.M.  a  large  working  party  4,1,  j<ov. 
was  employed  in  perfecting  and  extcndii 
the  lodgement,  98  feet  to  the  left,  and  a 
formidable  front  was  presented  to  tlie  fortress. 
This  was  done  by  Flying  Sap,  and  good  cover 
was  obtained  before  daylight.  The  trench  was 
nearly  parallel  to  the  crest  of  the  glacis,  and 
about  yO  feet  distant  from  it. 

At  9  o'clock  A.M.  three  half-brigades,  each 
consisting  of  1  officer,  1  non-commissioned 
officer,  and  4  j)riviitcs,  commenced  sinking  three 
shafts  in  the  lodgement,  one  on  the  extreme 
left,  and  the  two  others  with  intervals  of  3G  and 
26  feet  respectively  between  them.  The  ground 
was  favourable,  and  after  7  hours'  work,  each 


'■•  In  order  to  obtain  the  materials  for  tamping  the  mines  Nos.  VII.'  niid  -,  liranches  were  driven  right 
and  left  of  the  main  gallery,  and  the  earth  was  wheeled  forward  as  rc(|uired.  This  arrangement  was  found 
very  convenient,  and  admitted  of  great  expedition. 

"  Lieutenants  llutchintion,  Wray,  and  Stokes,  II. E. — Vide  description,  in  this  Journal,  of  Defence  of 
l»t  November. 
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Defence,  leries  ;  the  more  especially  as  the  besiegers  had 
4tloioy     established  themselves  so  far  in  advance  in  the 
lothday.  direction  of  the  centre;  and  it  was  determined 
to  make  efforts  to  drive  them  from  the  advanced 
lodgements  byordinarj-and  undercharged  mines, 
which,  while  destroying  the  lodgement,  and  ex- 
posing the  guard  of  the  trenches  and  workmen 
to  the  fire  from  the  parapet  of  the  place,  would 
produce  only  craters  of  moderate  dimensions. 
To  carry  out  this  plan,  Lieut.    Stokes  was 
Mines       directed  to  prepare  in  gallery  C-i,  two  mines, 
ami  XIII.  one  of  130113s.,  and  the  other  of  lOOffis. :  the 
Section  on  former  to  be  placed  at  the  extreme  end  of  a 

Unc  A  B,    small  branch,  12  feet  in  length,  to  the  ridit  of 
Plate  C.  s     '  o 

the    gallery,    and   40   feet   6    inches   from    its 

junction   with   gallery   B ;    the   latter,    also  at 

the  end  of  a  small  branch,  but  on  the  opposite 

side  of  the  gallery,  and  35  feet  distant  from  the 

junction  with  gallery  B.     About  4  feet  of  one, 

and   2  feet  of  the   other  branch,  were  driven 

this  day. 

PARTY    EMPLOYED. 

Lieut.  Stokes,  R.  E. 

1  non-commissioned  officer. 

5  privates. 

In  the  centre  gallery  (C),  Lieut.  Clarke,  R.E., 
was  directed  to  pro- 
long the  branch, 
commenced  on  the 
1st  instant,  to  10 
feet,  and  to  lodge  in 
a  chamber  at  its  ex- 
tremity a  charge  of 
73  lbs.  This  gallery 
was  formed  with  an 
ascent  of  1  foot  in  3, 
to  diminish  the  line 
of  least  resistance  to 
10  feet.  The  exca- 
vated earth  was  ap- 
plied to  tamp  7  feet 
6  inches  of  gallery 
C,  just  beyond  the 
branch,  so  as  to  re- 


Mine 

No.  XIV. 


party  had  completed  a  shaft  10  feet  deep,"*  and  -VTrACK. 
4  feet  in  diameter,  and  placed  the  first  frame  of  jiiTlw 
the  galleries  proposed  to  be  driven  towards  the  ^""'  ''»>■■ 
work. 


'^  That  is,  below  the  sole  of  the  trench,  and  therefore  13  feet  beneath  the  surface  of  the  glacis. 
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Defence,  sist  the  action  of  the  gunpowder  in  that  di- 

Athy^y.    rection. 

lOih  day.  fhc  branch  from  gallerj-  C3,  made  by  Lieut. 
Kerr,  R.  E.,  on  the  1st  instant,  at  41  feet  from 
the  junction,  was  so  injured  by  the  explosion 
of  mine  No.  VIII.,  that  the  Director  ordered  it 
to  be  abandoned,  and  another  branch  com- 
menced 15  feet  further  to  the  rear,  which 
subsequently  became  mine  No.  XV.  This 
branch  was  driven  10  feet,  rising  at  a  slope  of 
1  in  3,  to  diminish  the  line  of  least  resistance, 
and  it  then  turned  off  at  an  angle  of  45°,  to 
remove  the  charge  further  from  the  abandoned 
branch  beyond  it. 

During  the  time  Lieut.  Stokes's  party  were  at 
work,  the  miners  were  distinctly  heard  in  the 
galleries  of  the  assailants,  but  it  was  difficult 
from  the  sound  to  determine  their  position. 
This,  however,  could  be  fixed  wuthin  certain 
limits ;  for  instance,  at  the  point  where  Lieut. 
Stokes  commenced  his  branch,  the  sound  was 
evidently  further  up  the  gallery ;  whereas,  on 
advancing  20  paces,  it  was  equally  clear  that 
the  point  had  been  passed  where  the  assailants 
were  at  work. 

The  miners  continued  working  at  their  several 
branches,  &c. 

Gallery  C4. — Tlic  party  commenced  at  4 
o'clock  A.M.,  and  after  3  hours'  work  had  com- 
pleted G  feet  of  gallery,  and  a  chamber  2  feet 
square  to  its  left.  Tlie  left  branch  was  in  tlie 
same  time  pushed  on  4  feet  6  inches. 

It  being  considered  that  the  chamber  of  the 
right  branch  was  not  far  enough  advanced,  it 
was  enlarged  to  the  size  of  the  branch,  viz., 
3  feet  G  inches  by  2  feet  G  inches,  and  carried 
on  4  feet  more,  when  another  chamber  was 
made,  2  feet  square ;  the  whole  ascending  at  an 
angle  of  45°,  and  the  chamber  being  placed  on 
a  level  with  the  top  of  the  gallery.  The  work 
was  finished  in  7  hours.  The  charge  of  130fts. 
was  placed  in  two  sand-bags,  to  one  of  which 
was  attached  32  feet  of  lialf-indi  powder  hose, 
and  to  the  other,  30  feet  of  Bickford's  fuse,  as  a 
jjrecaution  against  failure.  Tlie  liose  was  laid 
in  its  casing,  and  in  5  liours'  work   10  feet  of 


4th  Nov. 
lOth  day. 


.jth  Xn 
llth  da 


Ensigns  Eraser  and  Winscora  were  placed  in  sih  Nov. 

charge  of  the    left  gallery    (/),  each   liaving  a  ""' day. 

party    of   1    non-commissioned   officer   and    4 

privates  under  their  orders,  and  they  were  di-  Plan  and 

rectcd  to  relieve   eacli    other   every   4    hours.  Ignerv  °" 

This  gallerv  was  driven  10  feet  further.      At  See  Plate 

?        '  .  c. 

that  distance,  a  drift  was  pushed  2  feet  forward.  Mine 

on  a  level  half-way  between  the  capsill  and  ^°-  ^'• 
groundsill  of  the  gallery.  A  chamber  to  the 
riglit  was  formed  at  its  extremity,  to  contain 
ISOffis.  of  powder.  The  whole  was  finished  in 
6  hours,  and  the  charge  was  then  lodged  and 
tamped. 

Centre  gallery  («)  was  placed  under  the  charge  Plate  C. 
of  Ensigns  Glover  and  Young,  having  each  a 
party  of  1  non-commissioned  officer  and  4 
privates,  to  be  relieved  as  in  tlie  left  gallery. 
^^'hen  this  gallery  had  advanced  6  feet,  a  large 
cavity  was  discovered  to  tiie  left,  which  ap- 
peared to  h.ive  been  caused  by  tlie  falling  in  of 
one  of  the  countermine  galleries,  and  tiie  ground 
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Mine 
No.  XV 


Defence,  the  branch  was  strongly  tamped  witli  sand-bags 

StlTvov     ^"'^  rammed  earth.     Great  difficuUy  arose  in 

nth  day.  the  tamping  from  the  steepness  of  tlie  ascent. 

Tlie  branch  to  the  left  was  stopped,  to  avoid 

interfering  with  the  right  branch ;  but  a  depot 

of  sand-bags  had  been  prepared  beforehand  by 

Lieut.  Stokes's  foresight. 

Centre  gallery  C. — The  branch  and  chamber 
were  completed  in  4i  hours'  work,  and  the 
mine  (marked  in  plan  No.  XIV.)  was  loaded, 
the  powder  being  contained  in  a  tarred  sand-bag, 
to  which  was  added  an  inch  powder  hose  (filled) 
laid  in  casing  tube.  The  tamping,  which  was 
commenced  wth  sand-bags,  was  10  feet  long  in 
the  branch,  and  1 1  feet  6  inches  in  the  gallery. 
Left  branch  of  gallery  C  3. — The  miners 
under  Lieuts.  Kerr  and  Roe  commenced  work 
at  6  o'clock  A.M.  The  excavated  earth  was 
used  to  tamp  up  the  main  gallery  beyond  the 
„„    .  ,      ,,  branch.  Having dri- 

150  n>s.  in  3  »and-bag^.  ^ 

ven  about  16  feet  of 
the    branch,  it  was 
intended  to  make  a 
return  to  the  left,  for 
the  chamber,  at  the 
distance    of   4   feet, 
in    which    100  ffis. 
of  powder   was    to 
be  lodged ;  but  the 
ground    proved    so 
unsafe,  that   it  was 
necessary  to    aban- 
don  that  intention, 
and  to  form  a  cham- 
ber on  the  right  of 
the  branch,  at  only 
lOfeet  distance  from 
the  gallery  C3.    As 
this  increased  the  line  of  least  resistance,  the 
charge  was  augmented  to   150  lbs.,  placed  in 
three    bags,  with    about   20  feet  of  half-inch 
powder  hose,  laid  in  a  casing  tube,  and   at- 
tached to  the  centre   bag.     The  branch  was 
well  tamped,  by  earth  excavated  from  the  op- 
posite side  of  the  gallery,  at  a  point  15  feet 
nearer  to  the  junction  ^^ith  gallery  A. 


was  found  so  insecure,  that  it  became  necessary  ArrACK. 
to  abandon  any  further  prosecution  of  the  work.  5,^^^^ 
A  Flying  Sap  was  therefore  pushed  out,  to  cover  Hth  day. 
an  advanced  shaft  (0),  which  was  substituted  for  Mine 
the  abandoned  one,  and  by  working  through-  ^"^  ^"' 
out  the  night,  sufficient  progress  was  made  to 
admit    of   its   being   loaded  on  the  following 
morning. 

The  right  galler)-  (r)  was  under  the  direction 
of  Ensigns  Dyas  and  Paton,  of  the  Honourable 
East  India  Company's  Engineers,  with  similar  Mine 
parties  of  miners.  It  was  pushed  forward  4 
feet  directly  to  the  front,  and  then  inclined  45° 
to  the  right,  for  a  distance  of  7  feet  further, 
wlien  a  chamljer  was  made  to  the  left,  2  feet 
above  the  sole  of  the  gallery,  to  diminish  the 
line  of  least  resistance  to  11  feet  6  inches. 
This  work  was  done  in  GA  hours,  and  the 
loading  with  200  lbs.  of  powder  was  completed 
in  three  quarters  of  an  hour. 

The  Sappers  were  employed  in  perfecting  the 
trenches,  and  forming  sand-bag  loopholes  on 
the  parapets  of  the  lodgements. 
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Defk.nck.  Ill  gallery  C  4,  a  charge  of  lOOltis.  was 
6thNov  placed  in  the  left  branch  for  mine  No.  XIII., 
I2tli  day.  and  the  whole  branch  was  tamped  up  for  a 
distance  of  10  feet,  in  7  hours ;  besides  which, 
a  strong  barricade  was  thrown  across  the  gal- 
lery at  its  junction  with  the  branch.  From 
thence  the  tamping  extended  6  feet  6  inches 
along  the  gaUerj^,  and  this  mass  was  common  in 
its  resistance  to  the  mine  No.  IX.  as  well  as  to 
the  mine  No.  XIII.,  so  that  the  total  extent  of 
tamping  for  the  former  was  30  feet,  and  for  the 
latter  Ifi  feet. 

The   mines    in    galleries    C  and    C  3    were 
completed  by  11  o'clock  a.m. 


The  party  under  Ensign  Young's  command  Attack. 
commenced  work  shortly  after  midnight,  and  g,|77i^v 
having  sunk  the  shaft  (o)  to  the  required  depth,  I2th  day. 
pushed  forward  a  branch  for  a  few  feet,  dug 
their  chamber  so  as  to  have  a  line  of  least  re- 
sistance of  12  feet,  and  tamped  to  the  surface 
of  the  shaft.     The  tamping  was  completed  in 
2J  hours,  by  employing  4  men  to  throw  in  the 
earth,  and  3  to  ram  it. 

Gallery  r,  11  feet  long,  and  the  shaft  10  feet 
deep,  were  tamped  in  5^^  hours. 

The  gallery  t,  of  the  same  dimensions,  was 
tamped  in  4|  hours.  Both  these  galleries  had 
parties  of  the  same  strength  as  the  shaft  o. 


Attack 

and 

Defence. 

Cth  Nov. 
12th  day. 


The  Director  being  of  opinion  that  the  operations  had  been  carried  to  a  sufficient  extent  for 
the  present  season,  determined  that  they  should  close  on  this  day,  by  the  firing  of  the  whole  of 
the  mines  that  were  charged,  and  combining  the  explosions  with  the  advance  of  the  upper 
ground-works,  supported  by  infantry,  carrying  on  the  various  movements  as  nearly  as  possible 
in  the  manner  they  would  be  conducted  on  actual  service;  and  the  Commandant  of  the  Garrison, 
Colonel  Sir  Thomas  Willshire,  Bart.,  K.C.B.,  directed  that  the  11th  Regiment,  under  the  com- 
mand of  Lieut.-Coloncl  Sir  Michael  Creagh,  K.H.,  should  be  employed  in  the  trenches  on  this 
occasion  ;  two  companies,  however,  being  reserved  to  represent  the  garrison.  These  companies 
were  posted  on  the  ravelin,  and  the  Duke  of  Cumberland's  bastion. 

The  following  general  orders  were  given  by  Lieut.-Colonel  Sir  Frederic  Smith,  K.H.,  the 
Director,  and  communicated  to  all  the  parties  concerned : 

"  Captain  Whitmore,  11. E.,  will  direct  the  operations  for  the  defensive,  and  Captain  Wynne, 
R.E.,  those  for  the  ofi"ensive  mines,  under  such  instructions  as  he  may  receive  from  Captain 
Williams,  R.E.,  with  reference  to  the  movements  of  the  attacking  troops,  who  will  be  conducted 
to  their  several  posts  by  the  latter  officer. 

"  Lieut.-Colonel  Sir  Michael  Creagh,  K.II.,  of  the  lltli  Regiment,  is  requested  to  remain  with 
the  Director,  in  order  that  combined  arraixgements  may  be  made  for  the  movements  of  butli 
forces. 

"At  \  past  1  o'clock,  one  detachment  of  the  11th  Regiment  will  man  the  left  face  of  the 
ravelin,  and  the  right  face  of  the  Duke  of  Cumberland's  bastion. 

"  Another  portion  of  that  regiment  will  occupy  the  first  parallel,  push  forward  one  company 
to  occupy  the  second  parallel,  another  the  third  parallel,  and  a  fourth  to  man  tlie  lodgement  and 
the  right  side  of  the  double  sap. 

"  Ensign  Drummond,  of  the  E.  I.  C.  Engineers,  will  be  attached  to  the  troops  on  the  Duke  of 
Cumberland's  bastion ;  Ensign  Hyde,  E.  I.  C.  Engineers,  to  the  troops  in  the  ravelin ;  Ensign 
Harris,  E.  I.  C.  Engineers,  with  those  in  the  lodgement  and  double  sap;  Ensign  Glover  in  the 
tiiird  parallel;  and  Ensign  Hutchinson  in  the  second  parallel. 

"  The  Officers  of  Engineers  and  Sappers  and  Miners  of  the  attack  will  (with  the  exception  of 
Ensigns  Fraser,  Paton,  and  Fife)  assemble  with  the  troops  in  the  first  i)arallel,  and  will  move 
forward  to  tlic  lodgement,  under  Captain  Wynne's  orders,  on  the  'advance'  being  sounded. 
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Attack        «  Ensigns  Fraser,  Paton,  and  Fife,  of  the  E.  I.  C.  Engineers,  will  take  post  at  their  respective 
Defence,  charges,  which  they  will  on  no  account  quit,  until  ordered,  as  underneath. 

r7~  "  The  Officers  of  Engineers  and  the  Sappers  and  Miners  of  the  defence  will  take  post  in  the 

I2th  day.  ravelin,  under  Captain  Whitniore,  R.E.,  the  gates  of  the  countermines  being  locked. 

"  Lieutenants  Stokes,  Clarke,  and  Kerr,  of  the  Royal  Engineers,  will  respectively  provide 
themselves  with  safety  lamps,  a  knife,  a  piece  of  string,  and  a  piece  of  portfire  and  slowmatch. 

"  Tlie  first  mining  operation  will  be  defensive.  On  the  signal  being  sounded  by  the  bugler  of 
the  11th  Regiment  for  firing,  the  men  of  that  regiment  will  commence  musketry  file  firing 
through  loopholes.  The  11th  bugler  will  then  sound  'cease  firing.'  The  Sapper  bugler  with 
Sir  Frederic  Smith  will  sound  the  regimental  private  call,  and  afterwards  the  '  lie  down.'  After 
this  signal  the  11th  bugler  will  sound  the  retreat,  and  the  whole  of  the  attacking  force,  including 
Ensigns  Fraser,  Paton,  and  Fife,  of  the  E.  I.  C.  Engineers,  will  take  post  in  the  first  parallel. 
Lieut.  Stokes,  R.E.,  will  then  proceed  at  once,  attended  by  Lance-Corporal  R.  Bake,  of  the 
E.  L  C.  Sappers  and  Miners,  and  will  fire,  by  slowmatch,  a  portfire  now  attached  to  the  powder 
hose,  as  well  as  the  Bickford's  fuse.  He  will  instantly  retire  to  the  ravelin,  and  report  through 
Captain  Whitmore,  R.E.,  to  Sir  Frederic  Smith,  that  he  has  performed  this  duty. 

"  On  the  explosion  taking  place,  the  advance  will  be  sounded,  and  Captain  Wynne  will  push 
forward  with  the  three  firing  Officers,  each  provided  with  slowmatch,  knife,  and  portfire,  preceded 
by  the  light  company  of  the  11th  Regiment,  who  will  take  post  as  in  the  first  instance.  'ITie 
musketry  fire  will  be  resumed  on  both  sides  by  sound  of  the  bugle,  excepting  in  the  advanced 
lodgement;  and  Captain  Wynne,  R.  E.,  will  with  his  Sappers,  and  Ensigns  Dyas,  O'Connell, 
Young,  and  AVinscom,  of  the  E.  \.  C.  Engineers,  crown  any  entonnoir  which  may  have  been 
made  by  Lieut.  Stokes's  mine.  Tlie  firing  Officers  will  take  post  at  their  respective  charges, 
which  they  will  take  care  to  protect  from  the  fire  of  the  infantry.  The  '  cease  firing,'  and 
*  retreat,'  will  then  be  sounded,  and  the  whole  of  the  attacking  force  will  retire  again  to  the  first 
parallel,  excepting  Captain  Wynne  and  the  firing  officers  (Ensigns  Fraser,  Paton,  and  Fife),  and 
a  non-commissioned  officer  of  Sappers  attached  to  each.  The  11th  Regiment  will  also  retire 
from  the  ravelin,  and  take  post  upon  the  Duke  of  Cumberland's  bastion.  The  Royal  Sappers 
and  Miners'  private  call  will  then  be  sounded,  with  the  'lie  down,'  and  if  Captain  Williams 
should  perceive  that  there  is  no  risk  of  danger  to  any  of  the  troops  or  spectators,  he  will  instruct 
Captain  Wynne  to  have  his  mines  fired :  4  inches  of  portfire  will  have  been  attached  to  the 
hoses  of  the  three  mines.  Immediately  after  the  explosion,  the  'advance'  wll  be  sounded,  and 
the  Engineer  force,  as  well  as  that  of  the  11th  Regiment,  will  resume  their  old  positions,  both  in 
the  attack  and  defence.  Captain  Wynne  will  then  crown  his  entonnoir  by  Flying  Sap,  covered 
as  much  as  possible  by  the  fire  of  the  infantry. 

"  When  the  lodgement  shall  have  been  completed,  the  '  cease  firing '  will  be  sounded,  and  the 
'  retreat'  ordered  for  the  whole  of  the  attacking  force,  who  will  resume  their  position  in  the  first 
parallel.  The  Sappers'  private  call,  and  'lie  down,'  will  be  sounded,  on  which  Lieut.  Hutcliinson, 
R.E.,  will  fire  his  charge  (mine  No.  XIIL)  by  the  voltaic  battery.  Unless  ordered  to  advance  and 
crown  Lieut.  Hutchinson's  entonnoir,  the  forces  will  remain  as  before.  Tlie  Sappers'  private  call 
will  again  be  sounded,  and  the  'lie  down,'  on  whicli  Lieuts.  Clarke  and  Kerr  will  advance, 
receiving  their  orders  from  Lieut.  Wray,  R.  E.,  who  will  be  responsible  to  provide  them  with  all 
the  necessary  implements,  apparatus,  and  stores,  for  this  purpose.  The  slowmatch  is  to  be  used 
in  each  case,  unless  it  should  fail,  when  recourse  will  be  had  to  the  portfire.  Each  piece  of  port- 
fire inserted  in  the  hose  in  these  mines  will  be  3  inches  long.  Lieut.  Wray  will  accompany 
Lieuts.  Clarke  and  Kerr  to  the  mouth  of  the  mines,  and  if  one  portfire  should  ignite  and  the 
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Attack   other  not,  Lieut.  Wray  will  be  responsible  to  require  both  Officers  to  retire  from  the  gallery.    He 
Uf.fencb.  '^'11  follow  them  out  of  the  gallery,  and  report  to  the  Director,  through  Captain  Whitmore,  that 

■"""      he  has  performed  this  duty. 
I2ih  day.       "The  '  advance'  will  then  be  sounded,  and  Captain  Wynne  will  come  forward  vnih  his  Officers 
and  Sappers  to  crown  the  entonnoirs,  protected  by  the  infantry  fire  of  the  11th  Regiment  in  the 
trenches.     The  force  on  the  ravelin,  and  Duke  of  Cumberland's  bastion,  will  open  a  musketry- 
fire  on  the  besiegers." 

The  movements  of  the  troops,  and  the  mining  operations  on  both  sides,  were   conducted 

according  to  the  foregoing  arrangements,  and  the  results  were  precisely  what  was  desired  in 

every  instance. 

Mine  Charge  No.  IX.  was  130  Bs. 

No.  IX.  rpjjg  jjj^g  qJ  least  resistance  11  ft.  6  in. 

l/haraoter 

and  effect.      The  tamping  was  16  feet. 

This  mine  was  fired  by  Lieut.  Stokes,  who  lighted  not  only  a  portfire  attached  to  the  powder 

hose,  but  also  the  Bickford's  fuse.     The  former  missed,  and  the  charge  was  fired  by  the  latter. 

14  feet  of  the  lodgement  was  thrown  over.     The  Sappers  rushed  forward,  and  crowned  the 

crater,  which  measured  about  20  feet  by  18  feet,  but  only  3  ft.  6  in.  in  depth;  and  re-established 

the  work.     They  were  followed  by  the  guards  of  the  trenches,  between  whom  and  the  garrison  a 

heavy  fire  was  maintained.     This  having  ceased,  the  assailants  next  sprung  the  three  following 

,,.  mines. 

.Mines 

No.  X.  Charge  200lfes.     Line  of  least  resistance  11  feet  6  inches. 

No.  XI.  Charge  ISOffis.     Line  of  least  resistance  12  feet  6  inches. 

No.  XII.         Charge  150  tbs.     Line  of  least  resistance  11  feet  6  inches. 

The  tamping  may  be  considered  as  equal  to  the  line  of  least  resistance  in  each  of  the  foregoing 
mines.  Tlie  distance  from  the  chamber  of  the  mine  No.  X.  to  that  of  No.  XIL  was  about  65 
feet.     Tlie  distance  between  mines  Nos.  XL  and  XIL  about  15  feet. 

The  effect  from  the  mines  being  fired  simultaneously  was  exceedingly  imposing. 
Mine  No.  X.  formed  a  cratL-r,  29  feet  by  25  feet,  by  6  feet  deep. 

Mines  Nos.  XI.  and  XII.  produced  respectively  craters  of  30' x  24',  and  7  feet  deep,  and 
22' X  I7'x3'  deep. 

The  series  of  craters  formed  most  excellent  cover.     Tlie  whole  were  crowned,  and  a  new 

lodgement  established  ;  a  musketry  fire  being  kept  up  the  whole  time  from  the  ravelin  and 

trenches. 

Mines  No  sooner  had  the  besiegers  eflFected  this  work,  than  the  besieged  prepared  to  destroy  it. 

xni  XIV  ^^'"*^^  ^*'^'  XIII.  XIV.  and  XV.  were  fired, and  again  overthrew  the  lodgement.    The  character, 

and  XV.     &c.  of  these  mines  has  been  already  given. 

Shortly  after  the  last  explosions,  the  lodgement  was  restored  by  the  Sappers,  under  the  pro- 
tecting fire  from  the  trenches,  and  with  its  rc-establishment  concluded  the  operations. 
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Remarks  resvUhig  from  the  Practice  detailed  in  the  foregoinr/  Journal. 

As  the  mining  operations  which  had  previously  been  carried  on  at  this  establishment  were  on 
a  comparatively  very  limited  scale,  consisting  chiefly  of  isolated  experiments  in  firing  single  or 
conjunct  charges  of  gunpowder,  and  of  the  manual  labour  required,  to  instruct  the  officers  and 
men  practically  in  sinking  shafts,  driving  galleries  and  branches,  and  forming  chambers,  which 
were  occasionally  loaded  and  tamped ;  we  found  on  entering  upon  the  more  extensive  operations 
just  detailed,  that  we  had  many  wants  in  the  'materiel'  which  our  stores  either  did  not  supply 
at  all,  or,  at  best,  very  imperfectly,  and  that  we  were  very  deficient  in  that  description  of  the 
'personnel'  amongst  our  non-commissioned  officers,  which  is  almost  indispensable  for  the 
safety  of  those  employed. 

With  reference  to  Lieut.  Penrice's  system  of  countermines,  almost  all  the  officers  employed 
here  have  arrived  at  the  conclusion,  that  any  arrangement  of  galleries  in  a  series  of  ascendino- 
and  descending  planes  is  objectionable ;  for,  although  such  a  system  may,  in  many  instances, 
admit  of  the  besieged  reaching  the  enemy  with  more  facility  than  by  countermine  galleries  in  a 
continuous  plane,  yet  it  is  much  more  laborious  in  construction,  impedes  ventilation,  renders  the 
communication  much  less  convenient,  interferes  with  the  lighting,  and  increases  the  labour  in 
tamping  all  such  charges  as  are  placed  in  branches  proceeding  from  the  ascending  planes. 
Greater  general  convenience  would  result  from  having  all  the  direct  main  galleries  in  one  plane, 
or  nearly  so,  from  end  to  end,  with  branches  right  and  left,  inclined  downwards  from  the  point 
of  junction,  for  the  purpose  of  more  readily  loading  and  tamping.  If  a  system  of  countermines 
consist  of  direct  galleries,  pushed  out  perpendicularly,  or  nearly  so,  to  the  counterscarp,  there 
seems  to  be  no  reason  why  these  should  be  all  on  the  same  level ;  on  the  contrary,  it  would  be 
preferable  to  construct  them  on  different  levels,  in  order  to  intercept  the  enemy  both  near  to  the 
surface  and  at  a  greater  depth. 

It  further  appeared,  that  a  system  of  countermines  having  points  of  junction  where  several 
galleries  meet  is  objectionable ;  for  if  the  besiegers  break  into  any  one  of  such  galleries,  there  is 
a  risk  of  their  getting  possession  of  a  great  extent  of  the  system. 

It  was  observed  that  much  convenience  would  result  from  forming,  at  every  25  feet,  a  recess 
of  about  6  feet  in  length  for  the  stowage  of  stores,  and  indeed  each  alternate  recess  could  advan- 
tageously be  made  somewhat  longer.  It  was  obvious,  whether  a  counterscarp  gallery  is  used  or 
not,  that  the  end  of  every  direct  gallery  should  open  into  the  ditch,  for  the  purpose  of  improving 
the  ventilation.  All  countermine  galleries  should  also  have  ventilation  through  the  roof,  which 
may  be  effected  by  air-holes,  ascending  at  as  low  an  angle  as  can  conveniently  be  managed,  and 
directed  towards  the  rear,  to  prevent  their  falling  into  the  hands  of  the  enemy.  These  ventila- 
tors may  be  kept  open  by  using  metal  pipes.  The  ventilation  is  also  improved  very  much  by 
having  the  £rst  part  or  root  of  the  direct  galleries  of  large  dimensions.  At  this  end  of  each 
direct  gallery  a  large  bellows  or  fan  should  invariably  be  placed,  and  well-jointed  tubes  of 
3  inches  in  diameter  should  be  connected  therewith ;  it  being  borne  in  mind  that  the  tubes 
should  always  extend  to  the  point  where  men  may  be  at  work  or  posted.  At  the  extreme  end 
of  each  gallery  a  chamber  should  be  formed,  of  5  or  6  feet  square,  or  of  an  octagonal  shape,  as  a 
post  or  guard-room  for  the  besieged  miners  to  listen  for  the  besiegers,  or  from  whence  they 
should  drive  branches  to  meet  or  intercept  them. 
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Borings  may  be  made  from  this  chamber,  by  augers,  to  the  distance  of  15  feet,  to  form 
listening  tubes  for  the  purpose  of  ascertaining  more  readily  the  direction  of  any  galleries  at 
which  the  enemy  may  be  working,  and  the  borings  could  be  used  at  the  discretion  of  the 
engineer,  to  load  small  charges,  according  to  Lieut.  Penrice's  system.  It  was  found  that  when 
the  opposing  miners  were  working  at  the  distance  of  above  10  or  12  feet  from  any  gallery, 
it  was  next  to  impossiljle  to  determine  the  precise  position  or  distance,  and  therefore  these 
borings  would  be  very  useful. 

It  appeared  that  galleries  exposed  to  the  action  of  the  enemy's  powder  were  much  more  easily 
destroyed  when  not  close  cased.  It  will  be  desirable  to  try  experiments  for  the  purpose  of 
ascertaining  whether  much  benefit  would  result  from  strutting  these  galleries  before  being 
subject  to  such  action.  It  also  appeared  that  when  the  sides  and  tops  of  galleries  were  sup- 
ported througliout,  the  mine  frame  introduced  into  the  Service  some  3'ears  back,  viz.,  the  '  chasis 
a  la  Holandaise,'  resists  the  influence  of  the  enemj-'s  powder  better  than  the  frames  and  sheeting 
which  were  in  use  in  our  Service  at  an  earlier  period. 

It  is  proper  to  commence  the  ventilation,  by  bellows,  when  a  gallery  has  attained  the  length 
of  50  feet,  for  although  at  that  distance  the  lives  of  the  miners  are  not  exposed  to  any  risk  from 
foul  air,  yet  the  atmosphere  so  far  from  the  mouth  of  the  gallerj'  is  very  impure.  It  is  usual  to 
fix  the  ventilating  tubes  along  the  side  of  the  gallery  near  the  roof,  but  it  is  better  to  place  them 
near  the  sole  of  the  gallery  when  it  can  be  managed.  It  was  found  necessary  to  give  peremptory 
orders  to  have  as  few  lights  as  possible  in  a  mine,  to  avoid  consuming  the  pure  air,  and  that  they 
should  be  placed,  when  practicable,  above  the  level  of  the  heads  of  the  men  when  kneehng  at 
their  work.  One  candle  should  be  at  the  head  of  the  gallery,  and  the  next  at  least  50  feet  in 
rear  of  it,  when  the  gallery  is  straight  and  of  that  length ;  and  if  the  gallery  is  not  straight,  a 
lamp  or  candle  is  required  at  every  second  angle  or  turn,  and  it  should  be  so  placed  as  to  light 
both  ways. 

Orders  were  given  to  the  Officer  in  charge  of  each  mine,  either  to  be  at  the  head  of  the  gallery 
himself,  or  to  place  an  experienced  man  there,  and  on  no  account  to  allow  a  miner  to  cut  away 
more  earth  than  might  be  necessary  to  give  space  for  setting  the  frames,  nor  to  let  any  man 
work  unless  protected  over  head  by  frames  or  sheeting. 

The  direction  of  every  gallery  should  be  fixed  with  the  compass,  and  the  slope  determined 
with  the  spirit  level,  at  every  fourth  frame,  by  the  Officer  on  duty,  who  should  report  that 
he  has  done  so.  The  Officer  must  be  held  strictly  responsible,  never  to  have  more  men  in 
a  gallery  than  are  indispensable  for  carrying  on  the  work  with  vigour. 

By  the  experience  of  the  recent  practice,  the  necessity  has  been  clearly  proved  of  tamping 
nearly  U  times  the  line  of  least  resistance.  And  it  has  also  been  observed,  that  the  eftcct  of  the 
powder  in  the  required  direction  is  very  much  lessened  by  lodging  tiie  charge  at  the  bottom  of  a 
shaft,  or  at  the  end  of  a  gallery.  The  chamber  should  be  formed  in  a  l)ranch  driven  at  least  5  or 
G  feet  from  tlie  former,  and  in  a  return  right  or  left  of  the  latter. 

It  was  found  that  the  best  and  most  rapid  tamping  is  executed  with  clay,  worked  up  into  the 
form  of  large  bricks,  and  half-dried.  Tamping  with  sand-bags  was  the  next  quickest  way,  but 
this  is  very  expensive,  and  the  bushel  bag  is  unwieldy.  If  sand-bags  should  be  used  at  all,  the 
iialf-bushel  bag  would  l)e  preferable  to  the  bushel  bag.  Well  rammed  earth  forms  the  best 
tamping,  so  far  as  solidity  is  concerned,  and  great  additional  resistance  to  the  action  of  the 
charge  along  the  gallery  is  produced  by  forming  barricades  across  the  branch  in  the  following 
manner.  At  intervals  of  5  feet,  a  wall  of  one  course  of  sand-bags  should  be  built  from  one  side 
of  the  gallery  or  l^ranch  to  the  other ;  sheeting  should  then  be  placed  in  the  rear  of  these  bags 
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across  the  gallerj'  also,  with  the  ends  fixed  in  a  chase  cut  out  alwut  G  inches  or  a  foot  in  depth, 
on  each  side  of  the  gallery  or  branch.  These  planks  are  put  in  horizontally,  or  nearly  so ;  and 
at  the  end  of  the  tamping,  another  plank  is  placed  vertically  against  them,  supported  by  a  strut, 
the  butt  end  of  which  is  bedded  in  the  sole  of  the  gallery. 

It  was  deemed  indispensable  to  lay  down  rigid  rules  for  loading  the  mine,  on  which  it  is 
superfluous  to  remark  that  the  greatest  care  is  called  for.  The  Oflicer  in  charge  was  desired  to 
conduct  the  whole  operation,  and  to  rely  on  no  one  but  himself  in  this  important  dutv,  which  is 
made  up  of  the  following  detail.  To  calculate  the  charge,  and  the  size  of  the  powder  box ;  to 
determine  the  length  of  hose,  the  quantity  of  powder  necessary  to  fill  it,  and  the  length  of  casing 
tube,  as  well  as  the  number  of  return  and  priming  boxes.  He  must  also  provide  himself  with 
portfire  and  slowmatch  of  good  quality,  and  a  safety  lanthorn.  It  is  of  great  moment  that  the 
hose  should  be  perfectly  filled,  and  this  should  be  done  mider  the  eye  of  an  Officer.  If  the 
mining  operations  are  on  a  large  scale,  the  powder  magazine  should  be  placed  in  charge  of  one 
Oflicer,  and  the  laboratory,  of  another. 

No  powder  should  be  issued  except  on  the  written  order  of  the  Director  of  the  attack  or 
defence.  This  order  is  a  voucher  for  the  Officer  in  charge  of  the  magazine.  It  should  specify 
the  amount  of  every  charge,  when  it  will  be  wanted,  to  whom  it  is  to  be  delivered,  and  whether 
it  is  to  be  placed  in  a  box,  or  in  a  bag  or  bags.  It  should  also  specify  the  nature  of  the  hose  or 
fuse,  and  its  length. 

When  ready  for  issuing,  the  Magazine  Officer  should  mark  on  the  box  or  bag  the  quantity  it 
contains,  and  the  name  of  the  Officer  to  whom  it  should  be  delivered;  and  he  should  obtain 
from  such  Officer  a  receipt  for  what  he  may  issue  to  him.  The  charge  complete  must  be 
debvered  over  to  an  Officer  or  Non-commissioned  Officer  connected  with  the  mine  to  be  loaded, 
and  ought  to  be  carried,  properly  protected,  to  the  gallery,  by  men  belonging  to  the  magazine. 

The  greatest  attention  is  necessary  to  secure  the  end  of  the  hose  or  fuse  within  the  box 
or  bag.  If  a  box  be  used,  the  end  of  the  hose  should  be  passed  through  a  hole  on  the  top  of  the 
box,  and  a  skewer  passed  through,  to  avoid  its  being  drawn  out  accidentally.  This  end  of  the 
hose  should  be  sewed  up,  to  prevent  its  wasting  powder. 

As  the  success  of  the  operation  depends  on  the  accurate  performance  of  the  various  details 
connected  with  it,  too  much  attention  cannot  be  given  to  them.  For  instance,  if  the  hose  be 
not  made  of  a  good  material  and  properly  stitched,  it  will  allow  the  escape  of  some  of  the  powder 
of  the  train,  both  in  its  transport  to  the  mine,  and  in  laying  it ;  and  from  either  circumstance 
the  most  fearful  accidents  might  happen.  Again,  in  placing  the  powder  in  the  hose,  the  utmost 
care  is  necessary  to  fill  it  properly ;  so  that  on  the  one  hand  it  shall  not  be  made  to  contain  so 
much  powder  as  to  render  it  liable  to  burst,  and  on  the  other,  that  however  handled  and  laid, 
there  may  be  no  part  of  the  box  without  its  due  proportion  of  powder. 

The  Officer  in  charge  of  a  mine  should  demand,  in  writing,  from  the  Engineers'  park  or  stores, 
the  quantity  of  casing  tubes,  &c.,  and  should  fit  them  to  the  gallery  and  branches  before  he 
sends  for  the  powder.  The  whole  of  the  persons  employed  in  the  loading  should  be  without 
shoes,  and  should  be  supplied  with  a  pair  of  worsted  stockings,  such  as  are  worn  by  fisliermen. 

On  the  arrival  of  the  charge,  all  the  miners  and  lights  should  be  ordered  out  of  the  gallery  and 
branch.  The  non-commissioned  officer  of  the  mine  then  advances  with  the  charge,  which  should 
be  placed  in  a  copper-fastened  truck  with  copper  wheels,  or  wooden  wheels  having  copper  tires. 
On  the  top  of  the  charge  the  hose  or  fuse  should  be  coiled. 

At  the  distance  of  about  20  feet  the  Officer  will  follow,  carrying  a  strong  reflecting  lamp,  and 
accompanied  by  an  assistant.     By  this  lamp  a  light  is  thrown  on  the  gallery  in  front  of  the 
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truck.  On  reaching  the  chamber,  the  Officer  hands  the  lamp  to  his  assistant,  and  then  proceeds 
to  direct  the  placing  of  the  charge  and  the  laying  of  the  hose.  This  latter  must  be  secured  in  a 
casing  tube,  the  lid  of  which  should  be  pegged  down,  and  immediately  afterwards  covered  over 
with  G  inches  of  mould.  In  doing  this,  a  copper  shovel  should  be  used.  After  the  charge  is 
placed  in  the  chamber,  the  Officer  should  satisfy  himself  that  the  hose  is  firmly  fixed.  The 
lamp  is  on  no  account  to  be  at  any  time  closer  than  20  feet  from  the  powder.  It  is  necessary 
to  lay  down  some  such  rule  as  this,  without  which  there  will  be  no  security. 

If  trucks  are  required  in  tamping,  they  should  be  copper,  fastened  like  those  used  for  the  con- 
veyance of  the  charge ;  and  if  any  work  with  the  pick  should  be  necessary  near  the  powder,  it 
must  be  performed  with  a  brass  pick,  or  brass  push-pick. 

On  the  tamping  being  complete,  and  orders  given  for  preparing  to  fire,  the  Officer  in  charge 
should  fix  the  portfire  in  the  mouth  of  the  priming  powder  hose,  taking  especial  care  that  the 
inner  end  of  the  portfire  is  inserted  i  an  inch  into  the  powder,  and  that  it  is  tied  so  firmly  to  the 
mouth  of  the  hose,  tliat  it  can  neither  be  drawn  out  without  violence,  nor  admit  of  the  escape  of 
any  grains  of  powder  from  the  hose.  The  end  of  the  portfire  which  is  to  be  lighted  should  be 
surrounded  with  clay,  to  prevent  any  part  of  the  hose  being  exposed  to  sparks  from  it,  till  the 
whole  of  the  portfire  is  burnt  out ;   otherwise  the  firing  Officer  would  be  liable  to  risk. 

As  the  workmen  are  often  inclined  to  loiter  in  the  galleries,  when  the  charge  is  to  be  fired,  the 
roll  should  be  called  on  the  outside  of  the  mines,  to  ascertain  whether  all  are  present,  before  the 
portfire  is  lighted. 
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APPENDIX    TO    THE    PRECEDING    PAPER. 


This  Paper  contains  some  suggestions  on  a  few  subjects  connected  with  Military 
Mining,  which  were  put  in  practice  during  the  mining  operations  carried  on  at 
the  Royal  Engineer  Establishment  at  Chatham,  in  the  autumn  of  the  year  1844. 


On  the  most  expeditious  Method  of  placing  a  Charge  of  Powder  in  any  required  Position. 
By  Lieut.  H.  N.  Pexrice,  R.E. 

In  all  operations  connected  with  military  mining,  whether  in  the  attack  or  defence  of  a 
system  of  countermines,  in  blowing  in  the  counterscarp,  or  in  making  a  breach  in  the 
escarp  of  an  enemy's  works,  the  facility  with  which  the  gunpowder  can  be  placed  is  an 
object  of  the  greatest  importance. 

This  has  hitherto  been  found  to  be  the  most  tedious  operation  connected  with  a  siege, 
and  one  which  can  only  proceed  at  a  fixed  rate,  whatever  may  be  the  force  which  is 
available  for  its  execution. 

The  great  delay  attending  it  has  often  been  the  cause  of  its  not  having  been  resorted 
to,  and  many  lives  have  been  sacrificed  ineft'ectually  in  the  assault  of  a  work,  which  would 
have  been  an  easy  prey,  had  it  been  feasible  to  have  exploded  a  charge  under  the  point 
proposed  to  be  assaulted. 

The  manner  in  which  the  mine  or  charge  of  powder  has  hitherto  been  placed  is  as 
follows : — 

A  small  gallerj'  2  ft.  6  in.  by  2  ft.  is  driven  in  the  required  direction,  and  of  the 
proposed  length ;  a  small  return  or  chamber  is  then  made  at  the  extremity  of  the 
gallery,  for  the  reception  of  the  charge.  The  gallery  is  tamped  up  again,  the  fuse 
connecting  with  the  charge  being  carefully  encased  in  wood,  and  fastened  to  the  side 
of  the  gallery. 

The  following  method  is  proposed  as  an  improvement,  and  it  is  considered  that  it  will 
materially  expedite  the  operations  of  a  military  miner. 

The  principle  of  it  is  this, — that  when  a  charge  of  powder  is  fired  at  the  extremity  of  a 
bore,  which  is  so  effectually  tamped  as  not  to  be  opened  by  the  explosion,  the  expansive 
gas  which  is  created  will  compress  the  earth  in  the  vicinity  of  the  charge,  forcing  it  back 
from  the  centre  of  ignition,  until  the  resistance  of  the  earth  counterbalances  the  force  of 
the  expanded  gas. 

A  chamber  is  thus  formed  at  the  extremity  of  the  bore,  capable  of  receiving  a  large 
charge  directly  the  tamping  bar  is  withdrawn. 

A  hole  is  accordingly  bored  in  the  required  direction,  and  of  the  proposed  length,  with 
an  iron  auger  of  3  or  4  inches  diameter. 
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At  the  extremity  of  this  place  a  small  charge  of  powder,'  in  a  tin  case,  with  sufficient 
length  of  Bickford's  fuse  attached  to  it,  to  reach  to  the  outside.  The  tin  case  should  be 
in  the  shape  of  a  conic  frustrum,  so  as  not  to  choke  up  the  hole  when  pushed  downi  it, 
and  to  enable  it  to  go  quite  up  to  the  end  of  the  bore. 

Should  the  soil  be  very  loose,  a  copper  tube  should  be  passed  down  the  bore  directly 
the  auger  is  withdrawn,  to  insure  the  passage  being  kept  clear. 

To  tamp  the  bore,  a  solid  iron  bar  (fitting  the  bore)  should  be  placed  next  the  charge, 
fastening  lengths  of  the  auger  to  this,  so  that  the  end  of  the  tamping  Ijar  may  reach  to 
within  about  4  feet  of  the  mouth  of  the  bore.  The  next  3  feet  may  be  filled  up  with 
a  cylinder  of  iron  of  the  same  diameter  as  the  hole,  the  cyhnder  being  composed  of 
three  wedges,  and  placed  so  that  the  butt  end  of  the  centre  wedge  being  struck  by  the 


tamping  bar,  when  the  charge  is  fired,  it  is  forced  in  between  the  other  two,  and  this 
■nnll  effectually  tamp  the  hole.  A  small  groove  is  left  in  the  two  cylinders  of  iron,  to 
allow  room  for  the  Bickford's  fuse;  and  if  the  charge  is  in  further  than  15  feet,  the  fuse 
should  be  encased  in  a  small  tin  tube,  which  may  be  permanently  fastened  to  the 
cyhnders.  The  explosion  of  this  small  charge  forms  a  globe  of  compression  for  the 
reception  of  the  large  charge. 

The  tamping  bar  ha^nng  been  withdrawn,  by  clearing  away  some  of  the  earth  at  the 
mouth  of  the  bore,  the  chamber  is  loaded  by  passing  l)ags,  containing  1  lb.  or  upwards, 
down  a  copper  tube,  one  having  been  previously  put  in,  having  Bickford's  fuse  attached. 
The  tamping  is  executed  as  before,  and  the  charge  is  then  ready  for  firing. 
The  following  apparatus  was  used  when  this  method  was  tried  at  Chatham : 
A  crank  to  work  the  auger  with,  as  shown  in  the  accompanying  sketch. 


'  The  size  of  the  char^  will  of  course  depend  on  the  required  dimensions  of  the  chamber.  A 
cliarge  of  1 J  ih.  produced  a  chamber  in  the  form  of  an  ellipsoid,  the  larger  axis  bcini;  .32  inches,  and 
the  smaller  one  20  inches,  in  soil  weighing  on  the  average  about  107  lbs.  to  the  cubic  foot ;  but  the 
tamping  was  not  so  complete  as  the  method  here  described. 


ON    MILITARY    MINES.  183 

A  3^-incli  nose-bit  auger,  with  4-feet  lengtlis. 

An  iron  scraper. 

A  copper  tube  in  4-feet  lengths,  fitting  in  the  same  manner  as  a  musket  and  bayonet. 

A  rope  ramrod  with  a  wooden  head,  the  rope  being  encased  in  wooden  cylinders,  so 
as  to  be  either  stiff  or  flexible  at  pleasure. 

A  charge  can  be  placed  and  fired  by  this  method  in  aliout  one-third  of  the  time  that 
it  could  be  efiected  by  the  old  method ;  and  from  the  circumstance  of  there  being  so 
small  a  vent  to  the  chamber,  and  the  tamping  being  easier  and  more  efficient,  it  is  con- 
sidered that  the  effect  of  the  charge  is  increased  by  this  method  of  placing  it. 


On  the  Form  of  the  Mine  Frame  best  adapted  for  the  Construction  of  Galleries. 

In  most  mining  operations  it  is  essentially  necessary  to  combine  the  greatest  ex- 
pedition in  driving  the  galleries  with  the  amount  of  convenience,  and  the  stability 
afforded  by  them,  when  completed.  The  form  of  the  frames  will  be  best  deduced 
theoretically  by  considering  the  various  conditions  which  they  are  required  to  fulfil. 

In  the  1st  place,  the  frames  should  be  high  enough  to  give  the  miner  a  free  use  of 
his  powers,  and  to  allow  him  to  pass  along  the  gallery  with  comparative  ease. 

2ndly.  They  sliould  be  wide  enough  at  the  bottom  to  allow  the  passage  of  trucks  with 
tools  and  materials  along  the  gallery. 

Srdly.  The  width  at  the  top  need  not  be  greater  than  is  sufficient  for  the  shoulders  of 
a  man  passing  along  the  gallery. 

Tlie  form  resulting  from  this  will  be  that  of  a  trapezium. 

Some  frames  were  accordingly  constructed  of  this  form,  equal  in  area  to  the  large 
branch  rectangular  frame  used  in  the  Service  (2  ft.  6  in.  by  3  ft.  6  in.),  the  ground-sill 
remaining  the  same,  viz.,  2  ft.  6  in. ;  but  the  cap-sill  was  reduced  to  1  ft.  9  in.,  thus  getting 
an  increase  in  height  of  8  inches.     The  scantling  was  the  same  in  each,  viz.,  2  inches. 

Two  galleries  were  then  commenced  in  the  escarp  of  the  ditch  of  the  ravelin  in 
similar  soil,  weighing  about  102  lbs.  to  the  cubic  foot. 

The  frames  were  placed  4  feet  apart,  with  top  and  side  sheeting,  and  at  the  end  of  8i 
hours  the  distance  driven  in  each  gallery  was  as  follows : 

In  gallery  No.  1,  with  the  rectangular  frames,  11  ft.  6  in. 
„  No.  2,  with  the  trapezium  frames,  16  ft.  3  in. 

The  workmen  in  gallery  No.  1  were  more  detained  by  the  falling  of  the  earth  from 
the  top  of  the  gallery  while  driving  than  in  No.  2,  as  the  excavation  there  was  not  so 
wide  at  the  top,  and  consequently  was  of  a  more  stable  form. 

The  miners  who  worked  with  the  new  frames  accounted  for  tlieir  increase  in  the 
distance  driven  from  the  following  advantages  : 

That  they  were  not  so  cramped  in  their  work,  as  the  additional  height  gained  was  of 
great  advantage  in  using  the  pick,  which  is  used  vertically  ;  that  the  greater  part  of  the 


184  ON    MILITARY    MINES. 

excavation  was  below  their  shoulders,  thus  getting  rid  of  the  picking  in  the  upper  right 
and  left-hand  corners  of  the  rectangular  frame,  which  was  by  far  the  most  tedious  and 
difficult  part  for  a  miner  to  excavate,  on  his  knees,  and  entirely  useless  when  completed, 
as  the  space  there  was  unnecessary.  The  cap-sill  was  also  much  lighter  and  easier  to  fit, 
as  in  driving  all  small  galleries  it  is  held  in  one  hand,  while  the  other  is  employed  in 
using  the  push-pick.  Only  one  piece  of  top  sheeting  was  necessar)',  instead  of  two. 
From  the  additional  height,  the  convenience  of  clearing  the  earth  away  from  tlie  head 
of  the  galler}'  was  increased. 

Besides  these  advantages  in  driving,  the  strength  of  the  cap-sill  is  considerably 
increased  (where  top  sheeting  is  used),  as  the  points  of  bearing  are  much  closer, 
the  cap-sills  of  the  rectangular  frames  having  been  broken  in  two,  in  some  instances, 
during  the  construction  of  the  countermines,  by  the  weight  of  the  superincumbent 
earth.  Should  the  gallery  have  been  damaged  in  any  way  by  an  explosion  or  otherwise, 
these  frames  are  very  easily  shored  up  from  the  nature  of  their  form.  A  gallery  of  this 
form  might  be  driven  in  some  soils,  with  the  frames  at  open  order,  with  sheeting, 
where  it  would  be  necessary  to  use  close  casing  with  the  rectangular  frame,  as  the 
figure  of  the  former  excavation  approaches  nearer  to  that  of  an  arch,  or  a  form  which 
would  support  itself,  than  the  latter. 

The  experiment  was  not  tried  with  the  frames  at  close  order,  but  as  the  cap-sill  of  the 
trapezium  frame  is  easier  to  fix  than  the  other,  the  difference  in  the  expedition  of 
driving  the  galleries  would  probably  have  been  more  apparent. 

When  the  trapezium  frames  had  been  approved  of,  and  were  used  in  some  of  the 
galleries  of  the  countermines,  the  miners  were  always  required  to  drive  ^rd  more  with 
them  than  in  other  galleries,  where  they  were  using  the  frames  that  remained  of  the 
rectangular  form. 

I  consider  that  a  frame  5  feet  8^  inches  high,  with  a  cap-sill  of  2  feet,  and  a  ground-sill 
of  3  feet  6  inches  (which  is  equal  in  area  to  the  present  rectangular  gallery  frame,  4  feet 
(i  inches  by  3  feet  6  inches),  is  a  size  which  will  best  combine  expedition  in  driving  with 
convenience  afforded  by  the  gallery  when  completed.^ 

An  Instrument  for  Detecting  the  Approach  of  an  Enenu/s  Miner  on  any  Gallery  belonging 

to  the  Besieged. 

When  a  system  of  countermines  is  attacked  by  a  besieging  force,  it  is  of  great 
importance  in  the  defence  to  be  able  to  discover  the  approach  of  the  besiegers'  miners 
on  any  gallery  as  early  as  possible,  in  order  to  be  able  to  oppose  their  subterraneous 
operations.  The  subject  is  therefore  deserving  of  some  attention,  and  too  much  accuracy 
and  delicacy  cannot  be  shown  in  obtaining  the  required  results. 

-  The  sciintlinsr  of  the  stanchions  slioukl  he  3  inelics. 
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The  facility  w-ith  which  sound  travels,  or  with  which  motion  is  communicated  through 
any  soil,  will  depend  chiefly  upon  the  specific  gravity  and  tenacity  of  the  soil.  It  is 
found  to  be  communicated  much  better,  and  to  a  far  greater  distance,  through  a  rocky 
stratum,  than  through  heavy  clay  or  sand. 

Some  of  the  French  authors  who  have  written  large  treatises  on  military  mining,  have 
stated,  with  regard  to  this  subject,  that  peas  placed  on  a  drum  on  the  floor  of  a  gallery 
will  indicate,  by  their  motion,  the  proximity  of  miners  at  work.  This  is,  however, 
entirely  theoretical,  for  they  can  be  detected  by  the  ear  long  before  they  are  in  any  way 
indicated  in  this  manner. 

I  propose,  by  means  of  mercury,  to  effect  an  instrument  which  shall  answer  the 
required  purpose ;  the  oscillations  on  the  surface  of  the  mercury  being  so  easilv 
detected  on  the  slightest  motion. 

Let  small  troughs  of  mercury  be  arranged  in  the  sides  of  a  regular  polygon,  a  hexagon 
for  instance,  and  let  uprights,  with  small  pieces  of  looking-glass  attached  to  them,  be 
placed  in  the  angles. 

The  light  of  a  wax  taper  being  then  thrown  into  one  trough  of  mercury,  will  be 
reflected  round  the  hexagon  into  the  other  five  troughs.  Let  a  hole  be  bored  from  the 
gallery  in  the  supposed  direction,  and  let  a  drum  be  suspended  with  iron  wire  to  the 
end  of  the  auger.  Then  place  the  troughs  of  mercury,  arranged  on  a  hexagon  of  wood, 
on  the  drum. 

We  will  suppose  that  the  distance  at  which  the  enemy  is  working  is  so  great,  that  no 
jar  or  oscillation  whatever  is  perceptible  on  the  surface  of  the  mercury.  Then  if  the 
reflection  of  the  flame  of  the  taper  be  thrown  into  one  of  the  troughs,  the  perception  of 
the  oscillation  would  be  rendered  doubly  distinct,  for  the  flame  may  be  supposed  to  have 
been  in  reality  in  motion  with  each  blow  of  the  enemy's  pick  against  the  soil,  as  also  the 
surface  of  the  mercury :  now  therefore  that  the  reflection  of  a  moving  object  has  been 
thrown  into  a  moving  medium,  the  motion  will  be  doubled  on  the  surface  of  the 
mercury. 

If  it  is  still  imperceptible,  the  reflection  of  the  flame  into  the  next  trough  of  mercury 
will  treble  the  motion,  and  so  on  round  the  other  four,  tUl  it  becomes  visible, — each 
additional  reflection  multiplying  the  motion. 

By  conducting  this  experiment  with  accuracy,  a  scale  of  distances  might  be  deter- 
mined in  the  soil  in  which  the  countermines  are  constructed. 

When  an  instrument  of  this  kind  was  used  at  Chatham  in  the  galleries  of  the  counter- 
mines to  test  its  efliciency,  the  oscillation  produced  on  the  surface  of  the  mercury  by 
each  blow  of  the  pick  was  distinctly  visible  in  the  second  trough,  at  a  distance  of  80  feet, 
through  a  soil  the  average  weight  of  a  cubic  foot  being  about  109  lbs.  4  oz. 

H.  N.  Penrice, 
Sheemess,  May  20,  1845.  Lieutenant,  Royal  Engineers. 

VOL.  VIII.  2  A 


XVI. — Report  on  a  Survey  of  a  Line  for  a  Canal  to  unite  the  Bay  of  Fundy  with 
the  Gulf  of  Saint  Lawrence,  in  1842. 

TO    HIS    EXCELLENCY    SIR    WILLIAM    M.    G.    COLEBROOKE,    K.  H.,    &C.,  &C.,  &C. 

May  it  please  your  Excellency, 

1.  In  obedience  to  your  Excellency's  commands,  I  proceeded,  as  soon  after  my 
arrival  in  this  province,  in  July  last,  as  I  could  make  my  arrangements,  to  the  county  of 
Westmoreland,  to  examine  the  several  lines  proposed  for  the  route  for  a  canal  to  unite 
the  waters  of  the  Bay  of  Fundy  with  those  of  the  Gulph  of  Saint  Lawrence,  and  have 
the  honour  to  report  the  result  of  those  examinations. 

2.  It  is  unnecessary  for  me  to  dwell  upon  the  importance  of  an  undertaking  which 
seems  in  this  province  to  be  generally  admitted.  The  duty  of  the  engineer  is  to  ascertain 
the  practicability  of  the  scheme,  and  ha^•ing  done  so,  to  determine  the  best  line,  and 
frame  an  estimate  of  the  expense. 

3.  The  object  of  a  canal  to  unite  the  waters  above  mentioned,  is  evidently  to  enable 
coasting  or  other  vessels  to  pass  from  port  to  port,  without  the  risk  and  delay  incurred 
in  navigating  the  Gulph  of  Saint  Lawrence,  and  making  almost  the  entire  circuit  of 
Nova  Scotia.  The  dimensions  of  the  canal  must  be  determined  by  the  object  it  is 
intended  to  effect. 

4.  An  inspection  of  the  charts  of  Bay  Verte  and  Shediac  Harbours,  surveyed  by 
Captain  Bayfield,  R.  N.  (copies  of  which  have  been  kindly  furnished  me  by  Captain 
Owen,  R.  N.),  will  show,  that  from  the  shoalness  of  the  waters,  it  \\-ill  be  necessary  to 
carry  a  canal  a  considerable  distance  into  the  sea  to  insure  10  feet  water  at  the  neap 
flood  tides.  This  would  be  a  tedious  and  an  expensive  operation,  particularly  when  the 
whole  distance  is  always  under  water,  as  is  the  case  in  Shediac  Harbour;  and  of  course 
the  deeper  the  canal  is  made,  the  fartlier  it  must  be  carried  into  the  sea.  This  con- 
sideration limits  me  to  what  should  be  the  minimum  size  for  a  canal  which  would  in  any 
degree  answer  the  end  proposed,  namely,  45  feet  at  bottom  and  85  feet  on  the  water 
surface,  for  the  width,  with  a  depth  of  10  feet  water  in  the  canal.  One  of  larger 
dimensions  would  be  preferable,  if  circumstances  were  favourable,  but  it  is  upon  the 
above  data  I  ground  any  calculations  it  may  be  necessary  to  make  in  the  course  of  this 
Report.  With  these  dimensions,  vessels  drawing  9  feet  of  water  would  pass  through 
the  canal  and  over  the  lock-sills,  and  the  width  is  not  too  great  to  admit  of  two  vessels 
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passing  each  other,  especially  steam  vessels  of  the  ordinary  construction,  whose  paddle 
boxes  occupy  much  room. 

5.  The  first  hue  I  examined  was  from  the  confluence  of  the  Au  Lac  and  Tantamar 
Rivers,  at  the  head  of  Cumberland  Basin,  to  the  Tignish  River  faUing  into  Bay  Verte.  I 
proceeded  along  the  Tantamar  and  Jolie  Coeur  Marshes  to  the  source  of  the  Au  Lac  River, 
thence  to  the  Swamp,  the  source  of  the  Missiguash  River.  I  examined  the  ground  on 
this  spot  particularly,  and  found  the  whole  to  be  a  floating  morass,  the  surface  composed 
of  mosses  and  aquatic  plants,  the  matted  roots  of  which  alone  aftbrd  an  insecure  footing. 
Finding  no  firm  bottom  at  depths  varj-ing  from  6  to  12  feet,  I  considered  that  it  miglit 
be  less  difiicult  and  less  expensive  to  cut  througli  a  more  elevated  tract  of  country, 
provided  a  sufficient  supply  of  water  could  be  obtained  on  the  summit  level,  than  to 
carry  the  embankments  of  a  canal  through  these  bogs,  the  shortest  distance  through 
which  is  one  mile.  I  therefore  kept  along  the  low  ground  by  the  side,  and  to  the  head 
of  the  Portage  Lake,  the  water  level  of  which  I  found  to  be  4  feet  9  inches  above  the 
point  of  commencement,  thence  crossing  the  Bay  Verte  Road  at  the  Portage  Bridge, 
proceeded  nearly  along  water  courses,  until  I  re-crossed  the  Bay  Verte  Road,  directing 
my  course  to  the  Tignish  River,  and  visiting  in  my  route  every  stream  tliat  could 
possibly  be  made  at  all  available  for  the  supply  of  water  for  a  canal.     (This  route  is 

shown  by  a  dotted  line  on  Plan  No.  1.)  Plate  LVil. 

6.  I  examined  the  nature  and  capacity  of  the  several  streams,  particularly  those  which 
run  into  the  head  of  the  Portage  Lake,  and  find  that  they  originate  in  small  swamps ; 
that  to  whatever  degree  they  may  be  filled  during  the  freshets,  they  are  in  the  summer 
months  so  very  inconsiderable  that  they  do  not  furnish  a  sufficiency  of  water  for  working 
the  several  small  saw-mills  upon  them.  I  consider  from  these  circumstances  that 
dependence  cannot  be  placed  upon  them  for  the  supply  of  water  required  for  a  canal  of 
the  dimensions  stated  in  paragraph  No.  4 ;  nor  am  I  aware  of  any  other  water  available 
for  the  purpose  on  this  line :  the  waters  of  the  Portage  Lake,  even  if  sufficient,  cannot 
be  raised  to  the  height  required. 

7.  The  same  deficiency  of  water  will  hold  good,  if  the  route  taken  by  Mr.  Hall  in 
1825  were  followed, — a  route  I  believe  to  be  the  most  level,  and  off"ering,  with  the 
exception  of  the  bogs,  few  impediments. 

8.  This  deficiency  might  be  got  rid  of,  or  greatly  simplified,  by  admitting  the  tidal 
waters  of  the  Bay  of  Fundy,  as  proposed  by  Mr.  Telford  in  his  Report  on  Mr.  Hall's 
Survey  of  1825,  wherein  he  suggests  making  the  spring  tides  the  summit  level,  if  they 
were  limpid  and  clear ;  but  they  are  very  turbid,  and  inadmissible  from  the  quantity  of 
earthy  matter  held  in  solution  by  them,  of  which  a  great  deposit  takes  place,  even  in 
moving  water,  and  which  would  in  the  still  water  of  a  canal  accumulate  to  such  an 
extent  as  soon  to  impede  the  working  of  the  machinery  of  the  locks,  and  cause  frequent 
interruptions  to  the  navigation  for  the  purpose  of  cleansing  the  canal, — a  measure  fraught 
with  inconvenience  and  considerable  expense. 


Plan  No.  2. 
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9.  The  locks  for  such  a  work  should  not  be  less  than  150  feet  between  the  gates,  and 
40  feet  wide:  the  quantity  of  water  required  to  fill  such  a  lock,  and  which  would  be 
expended  every  time  a  vessel  was  passed  through,  is  60,000  cubic  feet,  or  374,296 
gallons. 

10.  The  levels  taken  by  me  being  merely  trials,  and  not  necessary  to  elucidate  my 
Report  upon  this  route,  I  have  judged  it  better  not  to  exhibit  them  on  paper,  as  they 
might  possibly  mislead,  and  create  an  erroneous  opinion  as  to  the  general  level  of  the 
country. 

11.  On  the  left  or  north  side  of  the  road  from  Sackville  to  Bay  Verte,  separated  from 
the  Jolie  Cceur  Marsh  by  a  ridge  of  land,  are  several  small  lakes,  and  it  has  been 
suggested  that  they  might  be  made  available  for  the  supply  of  water.  I  ran  a  level  from 
the  Jolie  Cosur  Marsh  to  one  of  them,  and  found  the  water  2  feet  8  inches  lower  than 
the  marsh.  These  lakes  are  of  course  influenced  by  the  spring  freshets,  but  the  outlet, 
by  which  the  superfluous  water  finds  its  way  to  the  sea,  does  not  indicate  that  any  great 
body  of  water  passes  through  at  any  time,  and  they  are  on  too  low  a  level  to  supply  the 
head-water  for  a  canal. 

Plate  LVIII.  12.  The  second  line  which  came  under  examination  was  from  Shediac  Harbour  to  the 
Bay  of  Fundy,  commencing  at  the  high-water  mark,  neap  flood  tide,  at  the  bridge  across 
the  Scadouk  River,  and  terminating  at  Dorchester  Island,  the  distance  being  Ibl  miles. 

13.  I  proceeded  \\  mile  up  the  Scadouk  River,  and  then  turned  up  a  very  small 
creek,  or  rather  brook,  called  Underwoods,  which  appeared  to  be  the  most  eligible 
route  by  which  a  canal  could  be  brought  into  connection  with  the  Scadouk.  I  pro- 
ceeded in  a  south-westerly  direction,  following  nearly  the  course  taken  by  Mr.  Minnette 
in  1823,  towards  the  marshy  meadows  and  Cariboo  Plain,  through  which  the  Scadouk 
takes  a  very  winding  course  towards  Shediac  Harbour :  crossing  the  river  and  low  lands, 
which  form  a  kind  of  Ijasin,  being  surrounded  on  all  sides  by  rising  ground,  I  continued 
my  course  to  the  Memramcook  River,  passing  in  my  way  the  sources  of  the  Indian 
Stream  which  falls  into  the  Memramcook  nearly  1  mile  above  the  point  where  I  crossed 
that  river.  Turning  more  southerly,  I  followed  the  course  of  the  Memramcook  nearly 
all  the  way  to  where  it  debouches  into  the  Bay  of  Fundy  at  Dorchester  Island.  My 
course  is  shown  by  a  dotted  liue  on  plan  No.  2. 

14.  I  have  shown  in  section  the  ground  traversed  between  the  Scadouk  and  Mem- 
ramcook Rivers,  sufiicicnt,  I  hope,  to  elucidate  the  remarks  I  have  to  ofier  upon  this 
route  in  reference  to  its  adaptiition  for  the  line  of  a  canal.  The  section  shows  the  most 
elevated  tract  of  country  between  Shediac  Ilarljour  and  the  Bay  of  Fundy. 

15.  It  will  be  seen  at  one  view,  that  to  carrj-  a  canal  by  this  route,  it  is  necessary  that 
there  should  be  an  ample  supply  of  water  upon  this  summit  level,  and  that  it  must  be 
looked  for  in  the  low  ground  or  basin  through  which  the  Scadouk  flows. 

16.  There  appear  to  be  two  probable  methods  of  creating  this  desideratum.  The  first 
is  to  dam  up  the  Scadouk  River  wlicrc  it  enters  the  gorge,  through  whicli  it  flows  on 
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leaving  the  Cariboo  Plain,  as  at  O,  Plan  No.  2,  and  thus  raise  the  waters  to  such  a 
height  as  to  fill  the  canal  and  locks  terminating  the  summit  level.  Tlie  second  is  to 
convert  the  water  so  raised  by  the  dam  at  O,  into  a  reservoir  only,  and  not  for  purposes 
of  navigation. 

1 ;.  With  reference  to  the  first  of  these  methods,  admitting  that  the  spring  freshets 
would  fill  the  canal  to  the  extent  required,  in  the  first  instance,  the  next  point  for 
consideration  is,  will  the  Scadouk  River,  uninfluenced  by  the  freshets,  maintain  this 
supply  during  the  summer  months?  for  it  is  evident  that  unless  a  full  supply  is 
constantly  kept  up,  so  as  to  insure  the  depth  of  9  feet  over  the  lock-sills,  vessels  of  the 
description  for  which  this  depth  is  calculated  could  not  pass. 

18.  The  current  of  the  Scadouk  River  across  the  low  ground,  in  the  summer  months, 
is  scarcely  perceptible;  the  width  of  the  river  is  33  feet,  the  depth  averages  3  feet. 
Such  dimensions  with  so  small  a  velocity  would  afford  a  very  insufficient  accumulation 
of  water,  when  not  under  the  influence  of  the  freshets ;  and  even  of  tliis  accumulation, 
the  whole  would  not  be  available,  because  an  allowance  must  be  made  for  unavoidable 
leakage,  and  also  for  the  efi'ects  of  evaporation,  which  latter  would  be  very  considerable 
from  so  extensive  a  surface  of  water  under  the  influence  of  the  powerful  summer  sun 
of  this  country.  I  cannot  consider  it  safe  to  depend  on  so  inadequate  a  supply  for 
keeping  up  the  necessarj'  demand  for  a  large  canal. 

19.  With  reference  to  the  second  method  of  acquiring  head-water  for  a  canal,  it  must 
be  borne  in  mind  that  a  reservoir  should  always  be  subject  to  two  conditions :  first,  it 
ought  in  itself  to  be  sufficiently  low  to  coUect  flood  waters  from  an  ample  surface  of 
country ;  and  secondly,  so  high  as  to  enable  the  whole  of  the  water  in  it  being  drawn 
into  the  summit  level  of  the  canal. 

20.  The  position  of  the  Scadouk  River  is  such  as  not  to  comply  with  the  first  of  the 
two  conditions  stated,  because  there  is  not  elevation  of  land  sufficient  to  afibrd  an  ample 
surface  from  which  to  coUect  flood  waters  under  ordinary  circumstances ;  it  is  only  under 
the  extraordinary  cases  of  freshets  that  reliance  could  be  placed  for  an  adequate  supply. 
These  influences  are  not  of  long  continuance,  and  vary  in  quantity  according  to  the 
quantity  of  snow  that  may  faU  during  the  winter,  and  the  extent  of  the  rains  which 
usually  occur  at  the  breaking  up  of  that  season :  the  questions  therefore  tliat  naturally 
arise  are, — can  a  sufficient  quantity  of  water  be  collected  during  the  freshets  to  furnish 
the  requisite  supply  for  the  working  season  ?  and,  can  that  supply  be  made  available  ? 

21.  An  accurate  survey,  and  sections  taken  of  the  ground  surrounding  the  reservoir 
proposed,  can  alone  determine  the  extent  to  which  the  waters  might  be  raised  in  answer 
to  the  first  question ;  and  the  second  question  can  only  be  answered  by  ascertaining  if 
the  relative  positions  of  the  canal  and  reservoir  are  in  accordance  with  the  second 
condition  stated  in  paragraph  19,  or  can  be  made  so.  To  make  them  comply  eff"ectually 
with  the  condition,  viz.,  that  the  reservoir  shall  be  so  high  that  the  whole  of  the  water 
may  be  drawn  into  the  summit  level  of  the  canal,  it  will  be  necessary  to  find  a  route  so 
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much  lower  than  the  marsh  which  would  form  the  bottom  of  the  reservoir,  that  these 
marshes  shall  be  on  a  level  or  rather  above  the  surface  water  of  the  canal. 

22.  Tlie  only  probability-  of  obtaining  such  a  result  appears  to  be,  to  endeavour  to 
find  a  route  which  will  admit  of  carrying  the  canal  so  much  below  the  point  O,  as  to 
render  the  whole  of  the  water  in  the  reservoir  available :  judging,  however,  from  the 
appearance  of  the  surrounding  country,  I  do  not  think  such  a  route  can  be  obtained 
without  an  enormous  quantity  of  excavation,  and  at  the  expense  of  lengthening  the 
canal  several  miles.  An  exploration  might  be  made  with  this  view,  should  it  meet  vour 
Excellency's  wishes,  but  I  am  by  no  means  sanguine  in  my  expectations  of  any  favourable 
result. 

23.  The  practicability  of  forming  a  canal  on  this  route  hinges  entirely  on  the  pos- 
sibility of  obtaining  an  adequate  supply  of  water  on  the  summit  level.  However 
advantageous  other  parts  of  the  line  may  prove,  either  in  respect  to  the  supply  of  water, 
or  general  level  of  the  ground,  they  cannot  be  made  use  of  until  the  summit  level  be 
perfected.  It  may  appear,  therefore,  almost  superfluous  to  discuss  their  merits  now ;  but 
as  it  may  be  satisfactory  to  your  Excellency  to  be  put  in  possession  of  such  facts 
regarding  them  as  I  may  be  able  to  produce,  I  proceed  to  state,  that  the  Memramcook 
River,  from  the  place  where  I  crossed  it,  to  the  mill,  shown  on  Plan  No.  2,  is  a  suc- 
cession of  rapids,  very  shallow,  being  in  many  places  not  more  than  1  foot  deep,  the 
bottom  sandstone  rock,  which  forms  the  substratum  of  nearly  the  whole  ground  over 
which  I  passed.  At  the  mill  the  dam  might  be  raised  considerably  higher  than  it  is  at 
present;  by  raising  it,  however,  a  great  deal  of  fine  alluvial  land  would  be  overflowed 
and  destroyed.  The  tide  flows  to  the  mill,  below  which  the  river  winds  through  low 
and  almost  level  marshes  to  Dorchester  Island. 

24.  The  great  winding  of  the  river  renders  it  very  exceptionable  for  the  purpose  of 
navigation ;  and  any  measures  to  straighten  it  would  tend  to  increase  the  already  A-ery 
rapid  tide.  It  would  be  preferable  to  cut  the  canal  the  whole  way,  or  nearly  so,  from 
the  mill  to  Dorchester  Island,  to  making  use  of  the  river;  but  as  it  is  not  advisable  to 
admit  the  tidal  waters  of  the  Bay  of  Fundy,  for  reasons  before  stated,  such  a  measure 
would  very  much  increase  the  demand  for  fresh  water  to  maintain  so  great  a  length  of 
canal. 

25.  Independent  of  the  deficiency  of  water  on  this  route,  there  would  necessarily  be  a 
great  amount  of  lockage,  and  a  distance  of  nearly  half  a  mile  to  carry  the  canal  into 
Shediac  Harbour,  to  insure  a  proper  depth  of  water,  both  of  which  would  add  very 
materially  to  the  expense. 

26.  The  ordinary  flood  tides  in  Slicdiac  Ilarljour  are  from  1^  to  2A  feet;  the  spring 
tides  rise  4  feet.  It  is  a  singular  fact,  that  in  Slicdiac  Harljour  the  tide  ebbs  to  the 
ordinary  low-water  mark  once  only  in  24  hours. 

27.  The  third  and  last  route  examined  by  me,  was  from  Shediac  Harbour  to  the  bend 
of  the  Peticodiac  River,  15  i  miles.     Having  previously  passed  over  the  ground  between 
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these  two  points,  I  at  once  perceived  that  the  only  dependence  to  be  placed  for  water  piate  LViii. 
on  the  summit  level,  was  in  the  mill-pond  shown  in  Plan  No.  3.  Under  these  circum-  '"'""  ^"^  "^' 
stances  it  was  scarcely  worth  the  trouble  of  minute  examination ;  nevertheless,  in  justice 
to  the  public,  I  directed  my  course  toward  the  mill-pond,  and  thence  continued  it  until 
I  debouched  on  Babineau's  Marsh,  2  miles  below  the  settlement  called  the  Bend.  1 
selected  this  marsh  because  it  appeared  favourable  to  the  formation  of  a  basin  to  hold 
vessels  waiting  for  an  exit  into  the  Peticodiac  River. 

28.  Tlie  ground  passed  over,  shown  by  a  dotted  line  on  Plan  No.  3,  is  consideralily  more 
elevated  than  that  of  either  of  the  other  routes,  and  I  found  that  the  mill-pond  is  119 
feet  4'S  inches  higher  than  the  neap  flood  tide  in  Shediac  Harbour,  and  113  feet 
6'6  inches  above  the  corresponding  tide  in  the  Peticodiac  River,  I  think  it  probable 
that  a  more  level  course  than  that  I  adopted  might  be  found  between  the  two  pomts, 
but  not  without  passing  over  an  elevation  equal  to  that  which  the  mill-pond  possesses ; 
but  in  the  absence  of  a  more  liberal  supply  of  head-water  than  could  be  afforded  by  the 
mill-pond,  it  is  scarcely  advisable  to  expend  time  and  money  in  the  search. 

29.  It  will  reqxiire  an  inspection  only  of  the  Plan  No.  3  and  accompanying  section, 
to  show  the  impracticability  of  carrying  a  canal  by  this  route ;  but  admitting  a  more  level 
line  might  be  found  to  the  mill-pond,  and  even  that  a  canal  might  be  formed  whose 
surface  water  would  be  20  feet  lower  than  that  of  the  mill-pond,  it  would  require 
nineteen  locks  of  10-feet  hft  each,  to  pass  over  the  elevation,  which,  with  a  regulating 
lock  at  each  end,  would  make  twenty-one  locks  necessary;  the  expense  of  each  of 
which  would  not  be  reckoned  at  less  than  £,  10,000.  The  cost  of  lockage  alone  would 
therefore  amount  to  £  210,000. 

30.  I  may  observe  that  the  access  to  a  canal  on  tliis  route  would  be  attended  with 
considerable  difficulty  and  expense :  on  one  side  is  the  very  shoal  water  in  Shediac 
Harbour,  to  overcome  which,  would  require  the  canal  to  be  carried  nearly  a  mile  into 
the  sea, — a  work  which  could  not  be  executed  without  resorting  to  the  use  of  expensive 
coffer-dams,  or  of  the  diving  bell;  on  the  other  hand  are  18  miles  of  the  Peticodiac 
River  by  no  means  of  easy  navigation,  although  I  am  informed  that  vessels  in  the 
hands  of  skilful  pilots  rarely  meet  with  an  accident. 

31.  It  is  only  in  a  case  when  the  requisite  supply  of  water,  and  other  favourable  cir- 
cumstances, render  the  practicability  of  carrying  such  a  project,  as  has  been  suggested, 
successfully  into  operation,  that  the  entering  upon  the  undertaking,  which  must  neces- 
sarily involve  great  expense,  is  justifiable  :  I  cannot  consider  it  so  in  the  present  instance. 
If  I  am  in  error,  I  have  erred  on  the  side  of  caution ;  and  much  as  I  shall  regret  that 
my  opinion  may  overthrow  what  has  long  been  a  favourite  project  in  tiiis  province,  I 
consider  from  what  I  have  observed  upon  the  examination  of  the  several  routes,  that 
the  deficiency  of  head-water  renders  the  construction  of  a  canal  of  the  ordinary 
description  impracticable. 

32.  The  most  natural  position  for  a  channel  of  communication  bet\\'cen  the  Bay  of 
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Fundy  aiid  the  Gulf  of  St.  Lawrence  is  evidently  from  the  head  of  Cumberland  Basin 
to  Bay  Verte ;  and  since  it  is  not  advisable  to  attempt  to  construct  a  canal  of  the  ordinary 
description,  for  the  reasons  above  stated,  it  may  be  worth  while  to  consider  what  would 
be  the  eflFect  of  cutting  a  channel  from  water  to  water,  leaving  it  to  the  waters  them- 
selves to  complete  the  communication  to  render  it  navigable.  The  level  of  the  neap 
flood  tide  at  Tignish  River  is  9  feet  i  inch  lower  than  the  corresponding  tide  in  the 
Tantamar  River ;  at  flood  tide  in  the  latter  the  water  would  flow  into  Bay  Verte,  and  so 
soon  as  the  tide  ebbed  below  the  corresponding  tide  in  Tignish  River,  which  it  would 
do  because  it  ebbs  so  much  more  in  Cumberland  Basin  than  in  Bay  Verte,  the  waters  of 
the  latter  would  flow  into  the  former,  and  would,  on  account  of  the  great  ebb  in  the 
Bay  of  Fundy,  continue  to  flow  much  longer  than  it  would  the  other  way.  The  pre- 
vailing water,  therefore,  flowing  through  the  channel,  would  be  the  clear  water  of  the 
Gulf  of  St.  Lawrence,  and  would  counteract  any  ill  effects  that  might  arise  from  the 
muddy  waters  of  the  Bay  of  Fundy.  The  subject  would,  however,  be  much  more 
advantageously  considered  when  Captain  Owen,  R.  N.,  has  completed  the  tidal  ob- 
servarions  contemplated  by  him  in  the  course  of  his  survey  of  the  Bay  of  Fundy.  In 
the  mean  time,  should  it  meet  your  Excellency's  wishes,  I  might  in  the  ensuing  summer 
make  a  further  examination  of  the  ground  between  the  two  waters,  so  as  to  ascertain  the 
best  line  on  which  such  a  channel  might  be  formed,  with  a  view  to  the  least  amount  of 
excavation,  and  the  most  advantageous  points  of  connection  with  the  Bay  of  Fundy  and 
the  Gulf  of  St.  La^Tence. 

I  have  the  honour  to  be, 
Your  Excellency's  most  obedient  humble  servant, 

H.  O.  Ckawley, 
Fredericton,  January  19,  1843.  Captain,  Royal  Engineers. 


Fredericton,  N.  B.,  9th  March,  1843. 
May  it  please  your  Excellency, 

1.  In  reference  to  the  concluding  paragraph  of  my  Report  on  the  survey  of  a  line 
for  a  canal  to  unite  the  Bay  of  Fundy  with  the  Gulf  of  St.  Lawrence,  I  have  the  honour 
to  oflFer  the  following  observations  on  the  pracricability  of  cutting  a  channel  across  the 
isthmus  connecting  New  Brunswick  with  Nova  Scotia. 

2.  The  object  in  view  is,  to  cut  a  channel  of  moderate  dimensions  from  Bay  Verte  to 
Cumberland  Basin,  and  to  permit  the  action  of  the  waters,  thus  united,  to  form  a  channel 
sufiicient  for  the  purposes  of  navigation. 

3.  The  tidal  observations  which  are  about  to  be  made  by  Captain  Owen,  R.  N.,  I  am 
given  to  understand,  will  not  be  completed  in  less  than  one  year  from  the  time  of  com- 
mencing them.     In  the  absence  of  the  result  of  these  observations,  I  cannot  give  any 
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accurate  account  of  the  difference  of  level  of  the  tides,  so  as  to  determine  the  fall  from 
one  point  to  the  other,  in  order  to  judge  if  the  current  will  be  of  sufficient  force  to  effect 
the  desired  object ;  but  admitting  the  fall  to  be  sufficient,  it  may  be  well  to  consider  the 
effect  such  an  opening  would  have  on  the  Tantamar  or  adjoining  marshes. 

4.  Every  spring  tide  would,  if  not  restrained  by  the  dikes,  flood  the  marshes,  wliich 
are  the  most  valuable  parts  of  the  farms  in  that  neighbourhood.  On  opening  a  channel 
as  proposed,  it  will  be  highly  important  that  the  safety  of  these  marshes  shall  not  be 
compromised :  to  prevent  this  will  be  a  matter  of  considerable  difficulty. 

5.  The  soft  soil  of  which  the  marshes  are  composed  would  offer  so  little  resistance  to 
a  current  of  water,  that  it  would  be  difficult  to  set  limits  to  the  width  of  the  channel. 
Dikes  placed  at  any  reasonable  distance  apart,  between  which  the  channel  should  be 
formed,  would  be  liable  to  be  undermined  and  thrown  down  by  the  action  of  the  water 
on  the  banks, — a  circumstance  of  frequent  occurrence  to  the  present  dikes,  and  from 
which  cause  the  Tantamar  River  is  continually  and  perceptibly  altering  its  course ;  and 
as  the  depth  of  the  channel  would  gradually  extend  to  upwards  of  40  feet,  it  would  be 
extremely  difficult  to  secure  the  banks  by  piles. 

6.  That  part  of  the  excavation  towards  Bay  Verte  would  be  through  sandstone 
rock,  which  would  yield  very  little  to  the  action  of  the  water ;  it  would  be  highly  pro- 
bable that  the  rocky  channel  would  become,  in  process  of  time,  a  dangerous  rapid ;  and 
at  the  junction  of  the  rock  with  tlie  marsh  land,  the  water,  instead  of  continuing  to  flow 
with  a  gradual  slope  towards  Cumberland  Basin,  would,  on  leaving  the  rocky  part,  scooj) 
out  the  soft  soil,  and  form  a  fall. 

7.  It  may  be  observed,  that  the  communication  would  be  for  some  time  interrupted 
between  New  Brunswick  and  Nova  Scotia,  as  no  bridge  could  be  placed  across  the 
channel  until  the  ultimate  width  of  it  was  determined. 

8.  These  circumstances,  deduced  from  theory,  appear  to  me  to  render  it  doubtful  after 
all  if  a  channel,  as  proposed,  would  be  easily  navigable.  At  all  events,  so  much  uncer- 
tainty appears  to  exist,  that  the  project  would  be  extremely  hazardous.  With  this  view 
of  the  case,  your  Excellency  may  probably  agree  with  me,  that  it  is  not  desirable  to  pro- 
secute the  inquiry  further. 

I  have  the  honour  to  be. 

Your  Excellency's  most  obedient  humble  servant, 

H.  O.  Crawley,  R.E. 
His  Excellencv  Sir  W.  M.  G.  Colebrooke,  K.  H.,  &c.,  &c.,  &c. 


XVII. — Description  of  the  Method  of  Reclaiming  the  Tantamar  and  adjoining 
Marshes,  in  New  Brunswick,  from  the  Sea.    By  Captain  H.  O.  Crawley,  R.E. 

The  following  description  of  the  method  of  reclaiming  the  Tantamar  and  adjoining 
marshes,  in  New  Brunswick,  from  the  sea,  may  be  acceptable  to  some  of  my  Brother 
Officers. 

Cumberland  Basin  is  the  most  northern  part  of  the  Bay  of  Fundv,  forming  with  Bay 
Verte,  in  the  Gulf  of  St.  Lawrence,  the  isthmus  connecting  Nova  Scotia  with  New 
Brunswick.  The  distance  from  water  to  water  in  a  direct  line  is  about  15i  miles,  full 
five  of  which  is  marsh  land  reclaimed  from  the  sea  by  embankments. 

The  marsh  is  divided  by  a  ridge  of  land,  on  the  southern  extremity  of  which  stand 
the  remains  of  Fort  Cumberland,  originally  of  French  construction,  and  which  was 
in  former  days  the  scene  of  active  warfare. 

Through  the  marsh  on  the  western  or  New  Brunsmck  side  of  the  ridge  of  land  flow 
the  Tantamar  and  Au  Lac  rivers,  from  the  former  of  which  the  marsh  derives  its  name. 

The  mode  adopted  for  reclaiming  the  marsh  from  the  sea,  a  great  part  of  which  has 
been  recently  effected,  has  been  as  follows : 

A  batardeau,  or,  as  it  is  locally  termed,  an  aboideau,  is  formed  across  the  rivers,  which 
are  tidal  and  nearly  dry  at  low  water,  sufficiently  high  to  prevent  the  access  of  the 
highest  spring  tides.  Embankments  or  dikes  of  equal  height  to  the  aboideau  are  then 
constructed  on  each  side  the  river  and  across  the  marsh,  terminating  on  the  high  land 
on  either  side.  The  accompanying  plan  shows  the  directions  of  the  dikes  sufficient  to 
illustrate  the  method,  but  is  not  a  correct  delineation  of  the  dikes  as  they  exist. 

The  surface  soil  of  the  marsh,  which  is  clay  mixed  with  roots  of  grasses,  affords  good 
material  for  the  dikes,  which  are  solely  composed  of  it. 

In  order  to  drain  the  marsh  above  the  aboideau,  a  self-acting  sluice  is  constructed  in 
the  latter,  which  admits  of  the  water  running  off  at  low  water,  and  is  closed  by  the 
action  of  the  water  at  flood  tide. 

The  aboideau  is  formed  by  first  driving  piles  for  a  foundation ;  the  superstructure  is 
composed  of  alternate  layers  of  brushwood  and  clay.  As  many  men  as  can  work  are 
employed  night  and  day  to  raise  the  structure  above  the  ordinary-  flood  tides,  and  as  the 
work  settles  it  is  continually  added  to  until  tlie  required  heiglit  and  firmness  are  obtained. 
I  regret  that  it  is  not  in  my  power  to  give  a  section  of  this  work. 
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These  aboideaux  have  been  formed  in  several  places,  commencing  some  distance  above 
the  mouth  of  the  river,  gradually  reclaiming  the  marsh,  each  succeeding  aboideau  being 
nearer  the  sea.  The  main  road  from  New  Brunswick  into  Nova  Scotia  traverses  the 
aboideau  lately  constructed ;  the  old  ones  are  still  useful  as  causeways  across  the  old 
beds  of  the  rivers,  but  the  dikes  connected  with  them  are  now  obsolete. 

The  French  had  formerly  commenced  an  aboideau  where  the  present  new  one  is 
formed,  but  were  interrupted  by  the  war  which  drove  them  from  the  country.  Had  that 
been  completed  by  their  successors,  much  expense  would  have  been  saved,  and  the 
marsh  so  much  sooner  reclaimed. 

These  marshes  are  valuable  property,  yielding,  after  having  been  reclaimed  two  or 
three  years,  first  an  abundant  crop  of  what  is  provincial!  y  termed  broad-leaf  grass,  and 
subsequently  forming  excellent  meadows,  which  are  there  termed  English  marsh.  Large 
crops  of  hay  are  annually  secured  from  the  marshes,  the  production  of  which  is  alto- 
gether spontaneous,  as  the  farmers  do  not  take  the  least  pains  to  cultivate,  although  they 
confess  the  crops  are  less  abundant  yearly. 

Probably  if  they  were  occasionally  flooded  they  would  be  improved,  because  the  waters 
of  the  Bay  of  Fundy,  wherever  they  flow,  leave  a  slimy  deposit,  to  which,  after  the  salt 
has  been  diluted,  as  it  were,  by  the  rain  and  snow  of  the  winter,  and  has  evaporated,  the 
proprietors  attribute  the  great  fertility  of  their  marsh  lands. 

The  sluice  in  the  aboideau,  and  others  constructed  in  the  dikes,  would  eff'ect  irrigation, 
and  the  inundations  could  be  kept  under  control. 

The  draining  of  the  marshes  is  assisted  by  wide  ditches  connected  with  the  beds 
of  the  rivers  above  the  aboideaux. 

The  new  aboideau  cost  £  5000  currency. 

H.  O.  Crawley, 

14th  March,  1843.  Captain,  Royal  Enijineers. 


XVIII. — Description  of  an  Engraved  Protractor  in  use  by  the  United  States' 
Corps  of  Topographical  Engineers.     By  Samuel  B.  Howlett,  Esq.,  Ordnance. 

It  is  desirable  that  the  means  of  plotting  angles  should  rather  be  superior  than  inferior 
to  the  means  employed  to  obtain  those  angles  in  the  field.  When  a  theodolite  reading 
to  minutes  of  a  degree  is  used,  the  protractor  for  laying  down  the  angles  should  not 
only  read  to  minutes,  when  the  scale  is  large,  but  should  be  of  a  radius  rather  greater 
than  that  of  the  theodolite,  so  as  to  make  sure  that  nothing  of  the  care  taken  to  obtain 
accuracy  in  the  survey  shall  be  lost  in  laying  down  the  work  upon  paper. 

For  plotting  a  survey  to  a  large  scale,  made  with  an  instrument  reading  to  minutes,  I 
have  never  met  with  any  protractor  or  system  of  plotting  more  correct,  expeditious,  and 
generally  convenient,  than  that  described  in  the  book  of  pattern  instruments  for  the 
general  service  of  the  Ordnance,  and  also  in  the  first  volume  of  R.  E.  Professional 
Papers.  But,  for  plotting  work  done  with  a  sur\-eying  compass,  which  cannot  be 
depended  upon  to  nearer  than  half  a  degree,  the  book  of  patterns  provides  a  common 
circular  brass  protractor  by  which  an  angle  may  be  plotted  to  a  quarter  of  a  degree, 
thus  recognizing  the  principle  that  the  protractor  should  be  superior  in  its  capability 
of  accuracy  to  the  instrument  for  taking  angles  used  in  the  field. 

The  engraved  protractor  used  l)y  the  United  States'  Corps  of  Topographical  Engineers, 
and  which  it  is  the  object  of  this  Paper  to  make  known,  is  so  simple  that  no  more 
particular  description  of  it  is  necessary  than  to  mention,  that  it  is  a  circle  12  inches 
in  diameter,  divided  to  qujirter  degrees,  printed  from  a  copper-plate,  in  red  ink,  in 
the  middle  of  a  sheet  of  drawing  paper ;  and  the  degrees  are  not  figured.  The  centre  is 
marked,  and  the  bearings  required  to  be  plotted  are  supposed  to  be  transferred  to 
the  stations  by  a  12  or  15 -inch  rolling  parallel  ruler. 

One  of  these  sheets  has  lately  been  submitted  to  the  Inspector-General  of  Forti- 
fications in  a  letter  from  Lieut.  Simmons,  Royal  Engineers,  and  the  General  having 
recommended  that  this  protractor  shall  l)e  adopted  in  the  Ordnance  Department,  the 
Board  have  ordered  a  plate  to  be  prepared,  and  copies  kept  ready  to  meet  demands  from 
the  stations. 

Tiie  sheets  on  which  these  protractors  for  the  general  service  of  the  Ordnance  are 
printed,  measure  24  by  19  inches;  and  in  order  to  avoid  the  margin  produced  by  the 
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pressure  of  a  plate,  when  it  is  less  than  the  paper,  the  plate  is  the  full  size,  gi^^ng  to  the 
whole  sheet  a  smooth  surface. 

As  no  common  engraver  has  the  means  of  dividing  such  a  circle  on  a  plate  in  a  proper 
manner,  the  plate  was  engraved  by  that  beautiful  piece  of  mechanism,  the  dividing  engine 
lately  constructed  by  Messrs.  Troughton  and  Simms,  so  that  the  plate  itself  is  divided  as 
perfectly  as  an  astronomical  instrument ;  and  after  inspecting  numerous  sheets,  by  placing 
a  straight  edge  across  the  centre  and  opposite  divisions,  in  several  parts,  I  found  that  no 
unequal  contraction  of  the  paper  in  drying  had  happened  sufficient  to  cause  any  error 
that  could  be  detected. 

Though  this  system  of  plotting  a  survey  is  not  equal,  when  great  accuracy  is  necessary, 
to  that  first  adverted  to,  it  certainly  must  be  regarded  as  greatly  superior  for  most  pur- 
poses, to  the  method  in  which  either  the  circular  brass  protractor,  or  the  much  used  card- 
board protractor,  is  employed. 

The  12-inch  card-board  protractors  have  the  middle  part  cut  out,  and  if  the  work  will 
not  come  in  within  that  space,  they  must  be  shifted  to  another  meridian  on  the  paper ; 
and  there  is  an  awkwardness  in  having  the  thickness  of  the  card-board  between  the 
parallel  ruler  and  the  paper  on  which  the  station  lines  have  to  be  drawn.  The  brass 
circular  protractor  requires  that  all  the  angles  shall  be  first  pricked  off  and  numbered, 
and  the  protractor  removed,  before  the  parallel  rvder  can  be  set  to  transfer  the  bearings 
one  after  the  other  to  their  respective  stations ;  vrith.  the  disadvantages  of  the  radius 
being  short,  and  having  to  put  it  afresh  on  the  meridian  if  more  angles  are  required 
to  be  pricked  off.  But,  by  the  present  method,  all  these  causes  of  mistake  are 
avoided. 

In  using  this  protractor,  the  first  thing  to  consider  is,  in  what  direction  the  working 
meridian  should  be  chosen  so  as  to  bring  the  work  on  the  paper ;  and  the  zero  being 
thus  determined,  the  principal  di^nsions  may  then  be  numbered  in  pencil,  so  as  to  suit 
the  figuring  of  the  instrument  with  which  the  survey  was  made,  whether  to  four  times 
90°,  to  twice  180°,  or  to  360°. 

When  the  plotting  of  the  station  lines  shall  have  been  pricked  off  on  the  fair  plan,  the 
pencil  lines  may  be  removed,  and  the  sheet  used  again  many  times ;  or,  as  the  impression 
is  only  in  faint  red,  it  might  be  desirable,  for  some  purposes,  that  the  survey  should  be 
finished  on  the  same  sheet,  in  which  case  the  zero  would  be  marked  as  the  magnetic 
north,  and  the  true  meridian  drawn. 

Looking  at  the  manner  in  which  the  boundaries  of  lands  are  usually  described  in  the 
Colonies,  I  should  think  these  protracting  sheets  would  be  very  useful  in  preparing  the 
surveys.  A  piece  of  land,  for  example,  is  thus  described :  "  North  sixty-five  degrees 
east,  four  chains  and  eleven  links ;  south  twenty-one  degrees  thirty  minutes  east,  five 
chains  and  twenty-seven  links ;  south  seventy  degrees  thirty  minutes  west,  three  chains 
and  eighty  links ;  and  north  twenty-five  degrees  west,  four  chains  and  eighty-five  links, 
to  the  place  of  commencement."     In  the  margin  of  the  deed  there  is  a  diagram  of  this 
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four-sided  piece,  with  all  these  particulars  written  against  the  respective  boundaries,  the 
first  line  being  put  N.  65'',  E.  411°. 

But  if  this  same  piece  were  surveyed  with  an  instrument  reading  to  360°,  the  relative 
bearings  of  the  boundaries  would  be  simply  recorded  as  65°,  158°  30',  250°  30',  and  335°, 
respectively  without  reference  to  the  points  of  the  compass,  except  that  the  zero  should 
denote  the  magnetic  north. 

It  was  to  meet  both  these  methods  that  the  brass  circular  protractor  was  figured  as 
shown  in  Plate  IV.  of  the  book  of  pattern  instruments,  having  on  the  outside  edge  the 
degrees  figured  from  right  to  left  to  360° ;  and  on  the  inner  space  the  degrees  figured  to 
90°  on  each  side  of  north,  and  in  like  manner  on  each  side  of  south. 

But,  considering  the  diversity  of  habits  and  opinions,  it  is  no  small  advantage  of  the 
present  simple  protractor  that  it  imposes  no  restriction,  as  the  degrees  may  be  figured 
just  as  required ;  and  there  can  be  no  difference  of  opinion  as  to  the  advantages  of  the 
sheets  being  cheap,  and  convenient  for  travelling. 
83i,  Pall  Mall, 

20th  August,  1845. 
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Abbott,  Capt.,  E.  I.  C.  Artillery,  vi.  16,  17. 

Abrantes,  iii.  21,  22. 

.\cre,  early  sieges  of,  vi.  19-21 ;  siege  of,  by  Buonaparte  in 
1799,  21-37;  remarks  upon  it,  37,  38;  improvements  to 
the  fortifications,  38,  39 ;  siege  of,  by  Ibrahim  Pacha,  39- 
45 ;  advantages  of  naval  co-operation  in  the  reduction  of, 
46;  bombardment  of,  by  Sir  R.  Stopford,  47,  48;  descrip- 
tion of  the  state  of  its  defences,  49-57 ;  explosion  of  the 
magazine,  55  ;  its  form,  56 ;  advantage  of  the  fire  of  the  fleet 
over  that  of  the  fortress,  57  ;  compared  with  the  firing  at 
Algiers  in  1816,  57,  58  ;  deductions,  58 ;  analysis  of  the  stone 
of  which  the  works  at  are  constructed,  61 ;  armament  of  the 
sea  fronts,  ii. ;  detail  of  the  naval  armament  employed  in  the 
bombardment,  62. 

Aide-Memoire,  hints  for  the  compilation  of  an,  i.  146. 

Air-exhausting  pump  for  use  in  mines  or  galleries,  iv.  87. 

pump  to  diving  hell,  description  of,  i.  109. 

Alarm  posts,  lodging  troops  in  fortresses  at  their,  iv.  106-108. 

Alderson,  Captain,  R.E.,  ii.  128,  153. 

his  account  for  preserving  timber  by  Kyan's 

solution,  i.  131-145. 

. his  Reports  on  the  Manchester,  Cheshire  and 


Staffordshire,  and  the  South  Union  Railways,  ii.  91-102. 
on  the  South  Union,  and  the  Manchester  and 


Cheshire  Junction  Railways,  ii.  102-105. 
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London  and  Brighton,  ii.  105-113. 
on  paving  stables,  ii.  271,  272. 


Lieut.-Colonel,  R.  E.,  Notes  on  Acre  and  Syria,  vi. 

19-62;  vii.  46,  47. 

Aldini,  his  experiments  on  the  power  of  water  to  conduct  elec- 
tricity, vii.  33. 

Aldrich,  Lieut.,  R.E.,  vL  47. 

Alexander,  Capt.,  R.  E.,  Report  on  concrete  casemate  at  Wool- 
wich, i.  38. 

Fort,  on  the  Rhine,  works  at,  ii.  52,  53. 

Alexandria,  advanced  ravelins  first  constructed  at,  ii.  57. 


Algiers,  siege  of,  wall-pieces  used  by  the  French  at,  note,  i.  2C. 

firing  at  the  bombardment  of,  in  1816,  compared  with 

the  firing  at  Acre  in  1840,  vi.  57,  58. 

Algoa  Bay,  prices  for  painting  at,  iv.  196,  197. 
Alhandra,  iii.  13. 

detail  of  the  position  of,  iii.  71-74. 

Allard,  Capt.,  French  Engineers,  ii.  63;  iii.  196,  197. 
Almada,  iii.  23,  36. 

Altitudes,  barometrical.  Tables  for  determining,  i.  52-57. 
America  in  1814,  intrenching  tools  embarked  for  service  in,  ii. 
17,  18. 

description  of  a  saw-mill  used  in,  vi.  161,  162. 

description  of  a  steam  pile-dri\ing  machine  used  in, 

\i.  178-182. 

railroads  in,  formed  on  a  foundation  of  piles,  vi.  183- 

185. 

Amos,  Mr.,  note,  vi.  176. 

Amsterdam,  threatened  with  an  inundation,  vii.  188. 

houses  in,  founded  on  piles,  vii.  191 ;  contrivances 

for  driving  the  piles,  id. 

Anderson,  Lieut.,  E.  I.  C.  Engineers,  iv.  5,  96. 
Anecdote  of  Marshal  Massena,  iii.  2 1 . 

intemiption  to  the  works  at  Cadiz  by  a  corporal';, 

picquet,  note,  iii.  79. 

task-work  at  Burgos  and  Badajoz,  iii.  95,  note,  it. 

Djezzar  Pacha,  note,  vi.  34. 


Anti-dry-rot  Company,  i.  131-142. 

Antigua,  hospital  at,  ii.  238,  244. 

hurricanes  at,  ii.  153,  154,  159-165. 

Arches,  concrete  appUcable  to  their  formation,  i.  34. 

Arelhusa  at  Barbadoes,  method  employed  to  blow  her  to  pieces, 
ii.  36,  37. 

Argand  lamp,  its  illuminating  power,  v.  67,  68. 
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their  applicability  in  low  level  districts,  ib. ;  principle  on 
which  they  act,  ib. ;  causes  which  affect  the  rise  of  water  In 
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specification  for  sinking  one  at  the  Model  Prison,  London, 
270,  271 ;  Mr.  Clarke's  tender,  272;  ditto  for  supplying  cy- 
linders to  be  used  in  lieu  of  steening,  273;  securing  the 
brick-work  of  the  well,  274  ;  sinking  the  cylinders  and  stage, 
274,275;  processof  boring,  274-276;  boring  tools,  276-278, 
280;  implements  for  appljing  the  boring  tools,  278,  279; 
contrivances  for  cutting  or  raising  broken  rods,  &c.,  279. 

.Arthur,  Dr.,  .\rmy  Medical  Staff,  ii.  245. 

Articles  of  traffic,  description  and  weight  of  various,  iii.  192- 
194 ;  freights,  195. 

Artificial  stone,  Ranger's,  note,  i.  46. 

Artillery,  formation  of  breaches  by,  ii.  38-50. 

experiments  with  at  Metz,  ii.  40—14. 

^-^—  Marshal  Soult's  questions  respecting,  ii.  39. 
Ascalon,  description  of,  note,  vi.  23. 
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platforms,  126,127;  new  buildings,  128  ;  building  materials, 
128-130. 

Asphalte,  covering  platforms  of  bomb-proof  towers  and  the 
arches  of  powder  magazines  with,  note,  iii.  107. 

use  of  in  preventing  damp  in  walls,  vii.  205-208. 

covering  casemates,  ™.  227. 

Assaults  at  Burgos,  i.  8-17. 

by  nigbt,  disadvantageous,  i.  16. 

in  small  numbers,  proved  to  be  defective,  i.  1 7. 
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^— ^—  of  Fort  Laredo,  near  Santofia,  i.  23. 

Puntal,  near  Santofia,  i.  22. 

San  Gajlano,  Salamanca,  i.  5-8. 

Aster,  General  Von,  ii.  53,  70. 

Atmosphere,  constitution  of  the,  vi.  168. 
Attack  of  Fort  Laredo,  Santofia,  i.  20-26. 

under  a  protecting  fire  of  musketry,  wall-pieces  would 

give  force  to  it,  note,  i.  26. 

Augers  for  boring  holes  in  1>lasting,  iv.  39. 
Axis,  horizontal,  of  a  self-acting  sluice,  investigation  of  the 
position  of,  i.  127. 

BACKHOtJSE,  Capt.,  E.  I.  C.  iVrtillcrj-,  vi.  16, 17. 

Bacon,  Mr.,  vL  101. 

Badajoz,  intrenching  tools  used  at  the  siege  of,  ii.  17. 

removal  of  the  dead  at,  note,  iii.  95. 

Baguette  divinatoirc,  iv.  114. 

Bainbrigge,  Lieut.,  R.  E.,  on  the  use  of  asphalte  in  covering 

casemates,  vii.  227. 
Baird  and  Killaly,  their  Report  on  the  Welland  Canal,  v.  151. 
Balance  gates  at  the  Compensation  Reservoir,  East  London 

Water  Works,  dcscri]ition  of,  vii.  61-63. 
Ballast,  Thames,  amount  of  its  condensation,  in  forming  itself 

into  concrete,  vii.  224. 
Baltimore,  commercial  ilitercoutsc  with,  v.  144. 


Bamboo,  destruction  of  by  insects,  neutralized  by  Kyan's  pro- 
cess, i.  136. 

Barbadoes,  hurricanes  at,  ii.  147-149, 155-158, 104, 165. 

hospital  at,  ii.  238,  244. 

Barco,  Brigadier-General,  at  Santofia,  i.  21. 

Barlow,  Capt.  George,  52nd  Regt.,  ii.  5. 

Barlow,  Professor,  4th  vol.  x.  xix.  xxiii. 

Barometer,  mountain,  i.  53. 

fluctuations  of,  during  hurricanes,  ii.  197. 

its  fall  greatest  at  the  centre  of  a  storm,  ii.  198. 

utility  of  the,  ii.  216. 

its  use  in  meteorology,  ii.  220. 

description  of  one  that  requires  no  corrections  for 

zero  or  for  temperature,  iii.  164-168. 

Barometrical  altitudes.  Tables  for  determining,  i.  52-57. 

Barrack  cells,  vii.  30-32. 

Barracks  in  fortresses,  iv.  108. 

in  tropical  cUmates,  ii.  233-238. 

for  tlie  West  Indies,  on  Sir  C.  F.  Smith's  plan,  descrip- 
tion of,  ii.  239-243. 

at  Lucca,  in  Jamaica,  description  of,  ii.  247. 

Officers',  at  George  Town,  Demerara,  description  of, 

u.  248-250. 

Barn-,  Major,  R.  E.,  note,  ii.  154. 

Doctor,  note,  ii.  236,  237. 

Base  of  Magilligan,  measurement  of,  4th  vol.  xvi. 

Bastard,  Lieut.-Colonel,  R.  .\.,  vi.  208. 

Battalions,  injured  by  forming  eUte  companies  for  service  with 
corps  apart,  i.  19. 

Batteries  a  fleur  d'eau,  advantages  of,  note,  vi.  60. 

their  use  in  coast  defences,  vii.  3,  4. 

coast,  use  of  traversing  platforms  in,  vii.  3. 

Bayonnc,  intrenchments  in  front  of,  ii.  5,  6. 

Beacon  at  the  harbour  of  Black  Rock,  Connecticut,  description 
of,  vii.  89-95. 

Beams,  cast  iron,  principles  of  calculation  on  their  strength,  vi. 
78-86,  92-108 ;  practical  calcidations  in  reference  thereto, 
87-91;  particular  formuliE,  108,  109;  practical  calculations 
dependent  on  the  particular  formula;,  110-113;  construction 
of  cast  iron  beams  as  deduced  from  the  particular  formula, 
113-121;  their  deflection  and  stifl'ness,  121-127;  Tables  of 
their  strength,  128-132;  practical  calculations  in  reference 
to  their  stiffness,  133-136. 

Beatson,  Lieut.,  R.  E.,  on  the  reconstruction  of  the  sea  wall  at 
Haslar  Beach,  vi.  67-76. 

on  groins,  vi.  71. 

on  pile  driving,  vi.  76. 

Reck.  Mr.,  Overseer  of  Works,  Malta,  v.  205. 
Bclidor,  on  mines,  ii.  20,  22. 

Belidor's  drawtiridgo,  v.  209. 

Bell  vessel  used  in  connection  with  the  diving  l«ll,  description 

of,  i.  112. 
Bellows  for  ventilation  of  mines  and  galleries,  iv.  87. 
Belus,  peculiarities  of  the,  note,  \i.  20. 
Bending  timber  in  Prussia,  mode  of,  iii.  139,  140;  illustration, 

110,  141. 
Bergcre's  drawbridge,  v.  212. 
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Rcrmuda,  engineer  details  collected  at,  iv.  136-197  ;  introduc- 
tory remarks,  136-138;  general  description  of  the  rock, 
138,  139;  remarks  on  the  convict  system  and  labour  gene- 
rally, 140-144;  its  etficiency,  140,  142;  systems  of  labour, 
140,141;  earnings  of  the  conricts,  141;  their  rations,  note, 
ib. ;  specimen  of  a  year's  work,  143 ;  conduct  of  the  convicts, 
144;  slave  labour,  ib.;  data  for  computing  Tables  of  daily 
work  and  prices,  145-180;  remarks  on  the  prices  founded 
on  the  data,  181-184  ;  calculations  for  the  Tables  and  prices, 
184-189  ;  comparative  values  iu  time  and  money  of  connct 
and  other  labour,  190-195;  by  day-work,  190,  191;  task- 
work, 192,  193;  piece-work,  194, 195;  etfeets  of  the  climate 
upon  English  workmen,  note,  141;  work  with  diring  bells 
on  wharf  walls  at,  KS-ISO. 
Beton,  application  of,  to  leaky  joints  of  masonry,  iv.  208  ;  in- 

stnmient  used  to  inject  it,  I'i. 
Bey,  Mahomed,  note,  si.  52. 
Biekford's  safety  fuse,  iv.  52-55 ;  sump-fuse,  54. 
Birch,  Capt.,  R.  E.,  iu.  75. 
Birkbeck,  Dr.,  his  opinion  of  Kyan's  process  for  presening 

timber,  i.  134. 
Black  Rapids,  Rideau  Canal,  i.  78 ;  works  at,  86,  100. 
Black  Hock,  Connecticut,  description  of  the  beacon  at  the  har- 
bour of,  vii.  89-95. 
Blanshard,  Lieut.-Colonel,  R.E.,  iv.  141. 
Blasting  rock,  iv.  27-91  ;  general  principles,  27-37;  errors  of 
miners,  27-31 ;  line  of  least  resistance,  27-29;  explosion  of 
powder  in  the  direction  of  the  bore,  29 ;  how  to  quarry  with 
good  effect,  31, 35  ;  system  to  be  adopted  in  uncommon  cases, 
34;  security  against  accidents  in,  51,  note,  i4. ;  prevention 
of  small  stones  flying  about  in,  57,  58  ;  covering  the  hole 
with  a  shield,  58. 

boring  the  holes ;  implements  used,  iv.  37 ;  time 

required,  ii. ;  waste  in  the  implements,  ib. ;  churn  jumpers, 
38  ;  drilling  the  holes,  ib. ;  augers,  39  ;  reboring  a  hole  after 
a  miss-tire,  ib. ;  Vignoles'  apparatus  for  boring,  ib. 

-powder:  space  occupied  by  given  quantities  of, 


iv.  36 ;  inferiority  of  the  powder  used  in  blasting,  40 ;  ad- 
vantages of  emploj-ing  stronger  powder,  40, 43 ;  comparative 
qualities  and  strength  of  the  blasting  and  Merchants'  pow- 
der, 41-44  ;  proof  of  strength,  44  ;  price,  ib. ;  powder  mixed 
with  saw-dust,  45 ;  quantity  consumed  in  blasting  at  Ber- 
muda, uote,  152. 

■  charge :  errors  in  the  mode  of  regulating  the,  iv. 


30,  31 ;  how  to  jilace  the  charge  to  produce  good  quanying, 
31, 32  ;  disadvantage  of  placing  it  in  a  re-entering  angle,  32 ; 
advantage  of  placing  it  in  a  projection,  33 ;  explosion 
of  a,  without  blowing  out  the  tamping,  38;  how  to  pre- 
vent its  loss  after  a  miss-fire,  39 ;  modes  of  improving 
the,  45 ;  the  American  mode,  46 ;  quantity  of  powder  for 
charges,  ii.;  as  used  at  Gibraltar,  47;  system  at,  prefer- 
able, ib. 

■  loading:  mode,  iv.  48  ;  process  as  furnished  by 


tion,  53,  55  ;  its  inconvenience,  56  ;  sump-fuse,  54  ;  its  com- 
position, note,  ib. ;  application,  55. 

Blasting  rock,  tamping:  the  bar,  iv.  51 ;  solidity  or  strength  of 
tamping,  58,  77;  materials  used,  59,  66;  employment  of 
sand,  60,  61 ;  comparative  value  of  sand  and  clay  for,  62, 
63  ;  packing  the  sand,  64  ;  experiments  with  it,  05  ;  its  in- 
feriority to  clay,  66 ;  experiments  with  clay,  broken  brick, 
and  broken  stones,  67-70;  with  iron  plugs,  70,  71;  with 
cyhmlrical  pins,  71 ;  with  a  cone,  "1,  72;  with  iron  cones 
and  long  iron  arrows  applied  as  wedges,  72,  73 ;  detail  of 
experiments  with  plugs  and  cones,  73-75  ;  conclusious,  76. 

tunnelling:  disadvantages  of,  iv.  77;  time  of  exe- 
cution, 78  ;  easiest  tunnels  to  open,  ib.;  mode  of  proceeding, 
ib.;  advantage  of  beginning  at  the  roof,  79;  difficulties  and 
expense  of,  ib.;  dimensions,  80;  roof,  81;  advantage  of 
double  galleries  for  a  tunnel,  ib. ;  comparison  of  the  labour 
of  opening  either  gallery,  82,  83 ;  effects  of  strata  in  tun- 
nelling, 84,  85  ;  drainage,  85-87  ;  cost,  89,  90. 

shafts,  sinking  of:  iv.  83,  84. 

ventilation:  iv.  87-89;  remedies,  87;  bellows, 


a  quarrj'man,  49 ;  defects,  ib.;  manner  of  obviating  them,  50. 
train  and  firing :  iv.  51,  52;  firing  by  voltaic 


ib.;  air-exliausting  pump,  87. 
Blasting  Round  Down  Cliff,  Dover,  by  voltaic  electricity,  vi. 

188-202. 
under  water,  mode  of  firing  charges  by  a  single  con- 
ducting wire,  vii.  41. 
Blecker,  Mr.,  United  States,  representative  at  the  Hague,  vii.  1 65. 
Blenheim,  value  of  retrenchments  at,  in  1704,  iii.  31. 
Bolton,  Major,  R.  E.,  his  account  of  the  dam  at  Long  Island. 

Rideau  Canal,  iv.  131-135. 
Bomb-proof  concrete  casemate  at  Woolwich,  i.  33-42. 
Bonavia,  Mr.  C,  Clerk  of  Works,  Malta,  v.  205. 
Bon,  General,  vi.  35. 

Bonn,  swing  or  fljing  bridge  at,  \\\.  48-50. 
Borers  used  for  blasting  rock  under  water  in  connection  witli 

dicing  bell,  description  of,  i.  113. 
Boring  for  water,  theory  and  practice  of,  v.  266-280. 
tools,  V.  276-278,  280 ;  implements  for  apjilying  them, 

278,  279 ;  for  cutting  and  raising  broken  rods,  &c.,  279. 
Borodino,  value  of  a  few  simple  redans  at,  iii.  30. 
Boundary  Commission,  objects  of  the,  4th  vol.  xvm.  xix. 
Bousmard  on  the  formation  of  breaches,  ii.  43,  44. 

his  system  of  fortification  compared,  ii.  73. 

Bowes,  General,  at  Salamanca,  i.  7. 

Bowman,  Capt.,  Indian  Na\7,  v.  23,  29. 

Boxer,  Capt.,  R.  N.,  vi.  56. 

Brainerd,  Mr.,  vi.  185. 

Bramah,  Mr.,  his  proof  of  an  earthen-ware  pipe,  iii.  180-188. 

Bramble,  Mr.,  vi.  71. 

Brande,  Professor,  on  common  combustibles,  note,  vi.  167. 

Brandreth,  Capt.,  R.  E.,  note,  ii.  235  ;  4th  vol.  xxii. ;  v.  265. 

on  Sir  C.  F.  Smith's  system  of  barracks  for 

the  West  Indies,  ii.  239-246. 
on  the  Island  of  Ascension,  iv.  116-130. 


battery,  56 ;  mode  of  hghting  a  train  in  shafts,  56,  57. 
safety  fuse:  iv.  52-55;  its  value,  52;   applica- 


Breach  formed  at  Ehrenbreitstein  by  salvos  of  artillerj-,  note, 

u.  43. 
.^.^—^-^—  Metz  by  mining,  ii.  44. 
Breaches  by  artillery,  formation  of,  ii.  38-50. 
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Breaches,  experiments  relative  to,  at  >Ictz,  ii.  40-44. 

_ at  Woolwich,  against  a  wall 

behind  Camot's  count ergiiard,  ii.  45-48. 
comparison  of,  at  different  fortresses  in  Spain  during 


Brighton,  chain  pier  at,  suggestions  for  its  security,  ii.  126. 
its  appearance  during  a  gale  after  repa- 
ration, note,  ii.  126 ;  velocity  of  the  waves  during  the  gale,  ii. 
concrete  sea  wall  at,  and  the  groins  which  defend  the 


the  last  war,  ii.  49. 

■  rules  for  forming,  ii.  42 ;  position  of  the  battery,  ii.; 


horizontal  sections  of,  43 ;  vertical  sections  of,  ii. 

■  time  required  in  their  formation,  iL  44,  49 ;   with 


Camot's  eounterguard  before  the  wall,  50. 
Brercton,  Lieut.,  R.  A.,  at  Matagorda,  iii.  79,  82 ;  note,  82. 
Brewer's  Upper  ilills,  Rideau  Canal,  i.  80 ;  works  at,  96. 

Lower  Mills,  Rideau  Canal,  works  at,  i.  97. 

Brick-making,  treatise  on,  recommended  for  insertion  in  these 

Pai)ers,  iii.  113. 
Brick-work,  experiments  relative  to  the  resistance  of,  ii.  219, 

220. 

floor  in  cement,  new  plan  of  constructing,  vi.  219,  220. 

walls,  best  form  for,  vii.  79-86. 

Bridge  at  Paradenia,  in  Ceylon,  description  of  its  construction, 

iii.  154-157. 

cast  iron,  over  the  River  Trent,  near  Sawley,  description 

of,  iv.  223,  224. 

proposed  for  the  Kat  River  at  Fort  Beaufort,  Cape  of 

Good  Hope,  iii.  121-131. 

over  the  Kat  River  at  Fort  Beaufort,  Cape  of  Good 

Hope,  description  of,  vii.  42-45. 

pontoon,  across  the  GarigUano,  Naples,  i.  122. 

Garonne,  i.  123  ;  note,  124. 

GuatUana,  i.  123 ;  note,  ib. 

over  the  Sutledge,  Ferozepoor,  iv.  93. 

of  Tordesillas,  on  the  Douro,  mode  of  destroying  it, 

i.  149. 

suspension,  over  the  Lahn,  at  Nassau,  iii.  132. 

utiUty  of  guide  chauis  in  counteracting  the 


lateral  pressure  of  the  wind,  ii.  126. 
over  the  Regent's  Park  Canal,  description 


of,  vu.  58-60. 

wooden  swing,  over  the  Grenrille  Canal,  Canada,  vi. 

163, 164. 

swing  or  flying  bridge  at  Bonn,  vii.  48-50. 

at  Lintz,  vii.  50,  51. 

built  with  Prussian  beams,  in  Germany,  iii.  142, 143. 

rolling,   at   Fort   Regent,   Jersey,    description    of,  iv. 

216-218. 

weigh,    in  Woolwich    Dockyard,    description    of,   iv. 

204,  205. 

equipment  'with  an  army,  i.  150. 

Bridges  across  the  Ottawa,  connecting  the  Canadas,  i.  77 ;  iii. 

158-163. 

upon  the  Yecla,  (two,)  mode  of  dcstrojing  Ihem,  i.  149. 

of  boats,  or  zoraks,  across  the  Indus,  iv.  92-105. 

stone,  method  of  destroying  them  during  the  Peninstilar 

war,  i.  148-150. 

causes  of  decay  in,  v.  281,  282. 

Brighton,  chain  pier  at,  account  of  its  failures,  i.  103-105. 
. description  of  the  repairs  made  to  it,  ii. 

122-126. 


foot  of  it,  description  of  its  construction,  i.  43-47. 
row  of  houses  at,  built  of  Ranger's  artificial  stone. 


note,  i.  46. 
pa\ing  stables  at,  ii.  271,  272;  iu.  182, 183. 


Britto,  Lieut.,  Portuguese  Service  (Torres  Vedras),  iii.  12. 
Brixeu  in  1838,  Notes  on,  iv.  7-10. 

Broadfoot,  Capt.,  E.  I.  C.  Engineers,  on  the  defensive  works  in 
Jellalabad,  \i.  12-18. 

Lieut.,  E.  I.  C.  Engineers,  iv.  96 ;  vi.  9. 

Brougham,  Lord,  4th  vol.  xviii.  xix. 

Brown,  Capt.,  R.  N.,  projector  of  the  Brighton  chain  pier,  i. 
105. 

Lieut,  and  Adjutant,  E.  I.  C.  Sappers  and  Miners,  vi.  2. 

Bruen,  Quarter-Master  Serjeant,  13th  Rcgt.,  vi.  16. 

Brunei,  Mr.,  Ci\il  Engineer,  vi.  148 ;  on  the  cunes  of  railways, 
\ii.  102;  gradients,  108,  note,  112;  his  wide  gauge,  123- 
133  ;  on  slips,  156. 

Brvce,  Sir  Alexander,  i.  81. 

Bucellas,  pass  of,  iii.  7. 

Buckingham  Palace,  foimdation  of  the  north  wing  of,  defective, 
i.  27. 

Building  in  hurricane  countries,  ii.  149-151,  208. 

in  Malta,  mode  of,  v.  190-205. 

Buildings  in  Canada  and  the  United  States,  mode  of  raising  by 
screws,  vi.  186, 187. 

Bullets,  leaden,  description  of  the  machinery  for  the  manufac- 
ture of,  by  compression,  v.  219-223;  processes  through 
which  the  lead  passes  before  becoming  a  bullet,  219,  220; 
description  of  the  macluner>-,  220-222 ;  men  reqiured  to 
work  it,  222 ;  number  of  balls  manufactured  in  a  day,  223. 

Burckle,  C.  J.,  Esq.,  merchant,  of  Oswego,  letter  on  the  im- 
portance of  the  western  trade  of  the  States,  v.  184-186. 

Burel's  drawbridge,  v.  214. 

reflecting  level,  ii.  267-270. 

Burgos,  assaults  at,  i.  9-17. 

intrenching  tools  used  at  the  siege  of,  ii.  17. 

Burgoyne,  Major-General  Sir  John,  4th  vol.  xii.  xxiii. 

on  blasting  rock,  iv.  27-91. 

Burmese  stockades,  conduct  of  13th  rcgt.  in  their  escalade, 
U.S. 

Bumup,  Mr.  Cuthbert,  \u.  152. 

Burritt's  Rapids,  Canada,  i.  78  ;  works  at,  87. 

By,  Lieut.-Colonel,  R.  E.,  i.  76,  77,  81;  v.  157. 

CADEfA-DE-MONTACHIQUE,  paSS  of,  iii.  6. 

Cables  and  ropes,  description  of  machinery  for  maimfacturing, 
V.  233-265. 

Cahul  gateway,  blowing  open  of,  iv.  1,  2,  4,  5. 

Cadiz,  defence  of,  iii.  75-101 ;  Lord  Wellington's  opinions  of 
the  ])lan  which  should  be  adojitccl,  75-78;  reinforcements  of 
troops  for  the.  78,  80 ;  Matagorda,  78,  79,  97  ;  attack  of, 
80;  abandoned  to  the  French,  81;  death  of  Major  Lefcburc, 
R.  £.,  ib. ;  Puntalcs,  82 ;  Isla  dc  Leon,  84  ;  disadvantages  of 
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brass  ordnance,  note,  84 ;  substitution  of  wine  barrels  for 
fascines,  note,  ii. ;  distribution  of  the  amiy,  85 ;  River 
Sancti  Petri,  id.;  Caraccas,  86;  orders  to  the  troops  relative 
to  the  works,  87-89  ;  details  of  the  execution  of  the  works, 
90-94;  difficulties,  90;  drainage,  91;  sod  and  tapia  revet- 
ments, 92;  embrasures,  93;  platforms,  I'i.;  traversing  ditto, 
a.;  foundations  on  hilly  ground,  I'i.;  niagnzines,  94;  task- 
work, ii.;  Torre  Gorda,  95;  distribution  of  the  guns,  96; 
monks  turned  gunners,  note,  97 ;  the  Trocadero,  98,  99 ; 
Cadiz  saved  by  ilatagorda  in  1702.  99;  French  lines  and 
distribution  of  the  guns,  id.;  extent  of  the  English  position, 
ii.;  importance  of  Cadiz  to  the  French  cause  in  Spain,  100. 

Caffarelli,  General,  vi.  30. 

Caffin,  Lieut.,  R.  A.,  on  his  new  apparatus  for  dr)Tng  gunpow- 
der, iv.  23-26. 

Caiffa,  on  the  coast  of  Syria,  vi.  26. 

Calico,  preservation  of,  by  Kyan's  solution.  Add.  i.  4. 

Calshot  Castle,  sliingle  at,  ii.  130, 132. 

Camera  lucida,  ii.  274. 

Campo-Mayor  iu  1811,  strengthening  the  ground  at,  note, 
iii.  33. 

Cams,  method  of  cutting,  v.  52-55. 

Canada,  method  of  coping  nibble  walls  in,  i.  139. 

mode  of  raising  buddings  in,  by  screws,  vi.  186,  187. 

Lower,  temperature  of,  from  1822  to  1834,  ii.  232. 

swing  bridge  over  the  Grenville  Canal  in,  vi.  163,  164. 

provinces  of,  interruption  of  communication  between 

the,  during  the  war,  and  account  of  the  causes  which  led  to  its 
removal,  i.  73-76 ;  construction  of  the  Rideau  Canal  deter- 
mined upon,  76,  (see  Rideau  Canal;)  nature  of  the  com- 
munication prior  to  1827,  77  ;  description  of  the  chain  of 
rivers  and  lakes  to  form  it,  77-81 ;  locks  and  dams  necessary 
to  render  the  rivers  and  lakes  navigable,  81. 

navigation  between  the,  from  Lake  Erie 


to  Quebec,  V.  140-193;  length  of  the  communication,  141 ; 
remarks,  141-145  ;  lockage  and  expense,  142  ;  steamers  more 
advantageous  than  sailing  vessels,  ib. ;  importance  of  the 
communication  as  regards  commerce  at  Montreal  and  Quebec, 
144,  145,  184-193;  detaUed  description  of  the  Welland 
Canal,  145-158 ;  details  of  the  communication  by  the  River 
St.  Lawrence,  158-169;  Lachine  Canal,  169-171;  detaUed 
estimate  of  work  for  the  construction  of  one  of  the  locks  on 
the  St.  Lawrence  Canal,  172-174;  description  of  the  locks, 
175-177  ;  of  the  lock-gates,  177-181 ;  tolls  collected  on  the 
different  canals,  182,  183. 

Canal,  Erie,  v.  144,  145. 

Grenville,  i.  82 ;  swing  bridge  over  the,  vi.  163,  164. 

Lachine,  i.  83  ;  v.  169-171,  183. 

Ottawa,  i.  83  ;  v.  157,  182. 

Rideau,  {see  Rideau  Canal.) 

St.  Lawrence,  v.  158-169,  172-181. 

Welland,  v.  145-158,  182. 

North  Holland,  vii.  189-192. 

through  the  Island  of  Voome,  South  Holland,  ™.  192- 

194. 

Katwyk,  vii.  194-196. 

Canals  or  ditches  in  Holland,  their  use,  vii.  170,  171, 188, 189. 


Canvass,  comparative  result  of  experiments  with,  prepared  and 

unprepared,  i.  142,  143,  144. 
of  the  Samuel  Enderby,  Kyanized,  supposed  cause  of 

its  decay,  i.  139. 

Kyanized,  influence  of  light  upon,  i.  140. 

utility  of  Kyan's  solution  for  presening,  .Add.  i.  4. 

Cape  of  Good  Hope,  proposed  bridge  for  the  Kat  River,  Fort 

Beaufort,  at  the,  iii.  121-131. 
bridge  erected  over  the  Kat  River,  Fort 

Beaufort,  at  the,  description  of,  vii.  42-45. 
instnictions   for   making   meteorological 

observations  at,  ii.  216-231. 
cause  of  the   south-east  and  north-east 


^vinds  at  the,  ii.  216. 

Capper's  Work  on  Winds  and  Monsoons,  ii.  154. 

Caniot's  counterguard  in  front  of  a  wall  to  be  breached,  ex- 
periments against,  at  Woolnich,  ii.  45-48. 

Carriage  by  mules  in  Spain,  its  success  during  the  last  war,  ii.  13. 

• list  of  field  equipment  for,  ii.  14,  15. 

Casemates,  concrete  useful  in  their  construction,  i.  34,  42. 

use  of  as])halte  in  covering,  vii.  227. 

Cassel  on  the  Rhine,  works  round,  ii.  55  ;  Fort  Montebello,  ib. 

Catalenme,  Lieut.  Don  Nicola,  i.  123. 

Cement,  injection  of,  into  leaky  joints  of  masonry,  iv.  208, 209  ; 
instrument  used  in  France  for  the  purpose,  208. 

Cements,  Harwich,  Hull,  and  Quebec,  experiments  on  the  pro- 
perties and  adhesive  qualities  of,  iii.  184,  185. 

for  preparing  walls  to  exclude  damp  and  to  preserve 

paintings,  note,  vii.  215. 

Chaffey's  Mills,  Rideau  Canal,  i.  80  ;  works  at,  95. 

Chain  pier,  Brighton,  i.  103-105 ;  ii.  122-127. 

skilful  use  of,  by  private  surveyors,  i.  66. 

Chalk  excavations,  vii.  138-140. 

Chapel,  Royal  .\rtillery  Barracks,  Woolwich,  description  of  the 
roof  of,  and  its  restoration,  iv.  219,  220. 

Chapman,  Capt.,  R.  E.  (Torres  Vedras),  iii.  11,  55. 

Charges  of  mihtary  mines,  ii.  19-26;  formula:  for  calculating 
them,  19;  the  crater,  ib. ;  comparative  pro])ortions  of  the 
charges  determined  on  by  different  authors,  20,  22  ;  Pasley's 
nUes  for  determining  them,  their  value,  21 ;  data  yet  wanting 
for  their  determination  in  craters  whose  radii  exceed  the  line 
of  least  resistance,  22  ;  experiments  of  Mesgrigny  and  La 
Motte  in  1689,  at  Touniay,  upon  the,  22-26. 

of  powder  for  blasting  rock,  iv.  30,  33,  38,  39,  45-47. 

Chasseloup's  system  of  fortification  compared,  ii.  73. 
Chatham  Dockyard,  method  of  underpinning  the  storehouses 

at,  with  concrete,  i.  30-32. 
description  of  the  saw  mills  and  hoisting 

machinery  at,  vi.  148-155. 
improved  chimneys  in  the  anchorsmiths' 


shop  at,  ii.  261. 

river  wall  at,  built  of  concrete,  ii.  265. 

description  of  the   Observatory  at,  for  the  Officers 


of  the   Royal   Engineers,   vii.   64-66 ;    instruments    in   it, 

66-68. 

school  for  military  instruction,  utilitj-  of,  i.  146. 

instruction  of  the  Infantry  io,  ii.  8. 
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Chaudiere  Falls,  iii.  158 ;  bridges  near  the,  over  the  Ottawa, 
connecting  the  Canadas,  i.  77,  note,  ii. ;  iii.  163. 

Chelmsford,  lines  tlirown  up  in  rear  of,  in  1803,  note,  iii. 
200. 

Chesil  Bank,  pebbles  of  the,  ii.  129. 

formed  by  the  action  of  the  \Taves,  ii.  129. 

Chimneys,  mode  of  curing  or  improving  them,  ii.  251-2C2 ; 

Hiort's  mode,  note,  251 ;  Rumford's  system,  253-255  ;  Capt. 

Sandham's,  255-259 ;  some  of  the  causes  by  which  they  are 

affected,  259. 
improved,  in  the  anchorsniiths'  shop  at  Chatham 

Dockyard,  ii.  2G1. 
Christchurch,  shingle  at,  ii.  130;  liarboiir  of,  132. 
Christie,  Professor,  i.  60. 

Churn  jimipers  for  boring  holes  in  rock  for  blasting,  iv.  38. 
Circular  protractor,  its  utility,  i.  65 ;  objections  to  it,  i6. 
Cisterns  for  Kyan's  process  to  presene  timber,  directions  for 

constructing.  Add.  L  8. 
Ciudad  Rodrigo,  walls  of  the  fortress  of,  built  of  concrete,  note, 

i.27. 

intrenching  tools  used  at  the  siege  of,  ii.  17. 

Clarke,  Mr.  T.,  of  Tottenham,  v.  272,  273,  280. 

Clouds,  directions  for  obser\-ing,  ii.  228. 

Clowes,  Mr.,  Engineer,  Canada,  i.  75,  77,  81 ;  v.  160. 

Clowes's  Quarry,  Rideau  Canal,  i.  88. 

Coast  defences,  effects  of  the  sea  upon,  i.  44  ;  note,  51. 

in  HoUand,  U.  134-136. 

of  S\Tia,  \i.  19-62. 

application  of  forts,  towers,  and  batteries  to,  vii. 

1-9;  necessary  considerations  in  their  application,  8;  prin- 
ciples to  determine  the  sites  of  works,  8,  9. 

Dutch,  variously  defended  against  the  action  of  the  sea, 

note,  i.  51. 
Coblenz,  works  at,  ii.  51-53. 

resistance  of  which  it  is  capable,  iii.  119. 

Cocks.  Major  Soraers,  i.  9. 

the  lion.  Edward,  i.  10. 

Coffer-dam  for  pier  of  Potomac  aqueduct,  iii.  144-153  ;  borings 
for  foundation,  144 ;  description  of  the  original  attempt, 
which  failed,  146 ;  detailed  description  of  the  second  attempt, 
which  succeeded,  146-153. 

description  of  one  in  Woolwich  Dockyard,  iv.  206, 

207. 

Colby,  Colonel,  R.  E.,  4th  vol.  xii.  xiii. ;  his  method  of  render- 
ing visible  distant  stations  in  day  time,  xiv.  xv. ;  apparatus 
for  measuring  the  base  of  Magilligan,  xvi. 

Cologne,  works  at,  ii.  54,  55. 

Colonial  prisons,  vii.  30. 

Columns,  cast  iron,  practical  calculations  regarding,  vl.  136, 
137,  140-143;  Table  of  the  weight  they  can  support,  138, 
139. 

Combe's,  Dr.  Andrew,  analysis  of  air,  vi.  168. 

Combuation  of  fires  and  lights,  ri.  167. 

Compression,  manufacture  of  bullets  by,  description  of  niachineiT 
for  the,  v.  219-223. 

Concrete,  purposes  for  which  it  can  be  advantageously  employed, 
i.  27,34,42;  ii.  266. 


Concrete  casemate  at  Moolwlcli,  constnicted  as  an  experiment, 

i.  33-42. 
effect  produced  on   it  by  the 

fire  of  artillery,  i.  38,  42. 

change  of  ingredients  in  bulk,  when  mhed  into,  i.  28. 

condensation  of  gravel  and  sand  when  made  into,  vii. 

222-224  ;  of  Thames  ballast,  224. 
expansion  of,  produced  by  the  slaking  of  the  lime, 

i.  28. 
experiments  with  under  water  at  Brighton,  i.  46 ;  on 

its  strength  and  application  to  the   construction  of  river 

walls,  ii.  263-266. 

foundation  of  north  wing  of  Buckingham  Palace,  de- 


fective, i.  27. 

— walls,  use  of  great  variety  of  materials  in, 

note,  i.  27. 

for  foundations,  advisable  to  be  formed  in  one  bed  or 


platform,  i.  33. 
formed  of  lime  and  screened  stones,  not  equal  to  that 

formed  by  lime  and  sand,  i.  27. 

fresh,  ineffectual  to  stop  nmning  water,  note,  i.  29. 

in  new  state  at  Brighton,  unable  to  resist  the  beating 

of  the  sm-ge,  i.  44. 

interior  dampness  of,  when  used  in  masses,  i.  34. 

materials  composing  the,  for  sea  wall  at  Brighton,  i. 

43  ;  for  bomb-proof  casemate  at  Woolwich,  35. 

method  of  building  it,  i.  36,  43. 

making  it,  i.  28,  36,  43. 


•  price  of,  i.  30-38,  47. 

■  proportion  of  constituents  to  make  the  best,  i.  28. 

ingredients  composing  it  for  foundations, 


quantity  of  water  to  be  used  in  mL\ing,  i.  28. 

questions  respecting,  i.  29. 

Ranger's  patent,  i.  30,  33,  note,  29  ;  ii.  264. 

row  of  houses  built  of,  at  Brighton, 

note,  i.  46. 
sea  wall  at  Brighton  and  the  groins  defending  the  foot 

of  it,  i.  43^7. 

specific  gravity  of,  i.  38  ;  ii.  266. 

thickness  required  to  make  it  bomb-proof,  i.  34. 

used  in   undeq>iniiing  the  storehouses  at  Chatham 

Dockyard,  i.  30-32. 

use  of,  more  economicil  than  brick  or  stone,  i.  33, 38. 

weight  of,  i.  38. 

comjjosed  of  hydraulic  lime  and  gravel,  docs  not  suffer 

by  the  chemical  action  of  water,  ii.  263. 
not  advantageous  for  building  in  situations  exposed  to 


alternate  action  of  water  and  air,  ii.  265. 
strength  of,  ii.  203,  264. 


Conducting  wires,  v.  21,  22,  25,  20,  31. 

Contoured  plans  and  defilade,  ii.  75-90. 

Copings,  wooden,  i.  137,  138. 

Copper  pontoons  used  in  the  Neopolitan  service,  Ke|>orl  on,  i. 

122-126. 
Copying  maps  and  plans,  new  description  of  paper  for,  v.  283- 

285  ;  tracing  glass  for,  2S5. 
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Cordage,  comparative  result  of  experiments  with  prepared  and 
unprepared,  i.  142-144. 

utility  of  Kyan's  process  for  prescr\ing,  Add.  i.  4. 

(see  Ropes  and  Caliles.) 

Countcrscaq)S,  concrete  useful  in  tlieir  constraction,  i.  34,  42. 

Cowden,  Colonel,  of  New  York,  inventor  of  the  steam  pile- 
driving  machine,  vi.  178. 

Coxworthy's  project  for  a  shot  furnace,  iv.  19. 

Crab  and  carriaee,  used  in  connection  with  diving  bells,  de- 
scription of,  i.  1 10. 

Cranes,  wharf,  made  by  the  Butterley  Company,  description  of, 
iv.  221,  222. 

traversing,  used  by  the  Butterley  Company,  description 

of,  V.  194,  195. 

Crawshay,  Wm.,  Esq.,  vi.  211. 

Cubitt,  .Mr.,  Civil  Engineer,  vi.  188 ;  vii.  200. 

Cimiing,  Mr.,  Clerk  of  Works,  R.  E.  D.,  on  the  Officers'  Barracks 
at  George  Town,  Dcmerara,  ii.  248-250. 

Cunningham,  Lieut.,  £.  I.  C.  Asst.  Engineer,  iv.  93  ;  \i.  16. 

Curves  of  railways,  vii.  97-104. 

Dalhoisie,  Lord,  i.  77  ;  ii.  28. 

Dams  and  locks,  llidcau  Canal,  size  and  construction  of,  i.  76, 
77,  98-101. 

Kideau  Canal,  at  Hog's  Back,  ii.  114-120;  at  Jones's 

Falls,  120,  121;  at  Long  Island,  iv.  131-135. 

for  raising  the  level  of  water,  attention  to  be  paid  to  the 

outlet  pronded  for  the  stream,  ii.  120. 

Damp  in  walls,  means  of  preventing  it,  \ni.  204-208 ;  plan  of 
Vitruvius,  note,  205 ;  puzzolana  in  mortar,  204 ;  sheets  of 
lead,  as  adopted  in  Munich,  205 ;  asphalte,  as  proposed  by 
M.  Polonceau,  205-208 ;  encaustic  painting,  209  ;  means  of 
preserving  paintings  on  ceilings  and  walls  from,  209-215, 

Darnell's  voltaic  battery,  vi.  191, 192. 

Dashwood,  Capt.,  R.  N.,  note,  vi.  58. 

Davidson,  Mr.  Robert,  vii.  37. 

Davis's  Mills,  Rideau  Canal,  works  at,  i.  95. 

Dawes,  Lieut.,  E.  I.  C.  Artillery,  %i.  17. 

Decay  of  walls,  su])poscd  cause  of,  i.  137. 

Decomposition  of  iron  in  salt  water,  and  its  reconstruction  in  a 
mineral  form,  iii.  177-179. 

Defences,  Coast,  (see  Coast  Defences.) 

Sea,  (see  Sea  Defences.) 

Defensive  works  in  Jellalabad,  vi.  12-18. 

Defilade  of  a  work,  principles  to  be  regarded  and  method  of 

proceeding  in  arranging  the,  ii.  83-90. 
Dc  la  Beche,  Mr.,  ii.  133. 
Delile's  drawbridge,  v.  211. 
Demerara,  hospitals  and  barracks  at,  ii.  237. 

Officers'  barracks  at,  ii.  248-250. 

Demolition  of  the  Glacicre  Bastion,   Quebec,  by  mining,  ii. 

27-29. 
great    basin    at    Flushing,    in    1809,    ii. 
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Fort  Schulemburgh,  Vido,  ii.  30-32. 
-  the  revetments  of  some  old  works  at  Sheerness, 


Dempscy,  Mr.  G.  D.,  his  description  of  the  saw  mills  and  ma- 
chinery for  raising  limber  in  Chatham  Dockyard,  vi. 148-161. 

on  Railways,  vii.  96-159. 

liis  description  of  the  mode  adopted  for 

repairing  and  su|)porting  the  western  retaining  wall  of  the 
London  and  Birmingham  Extension  Railway,  vii.  160-164. 

Deuison,  Capt.,  R.  E.,  vi.  200  ;— on 

axis  of  a  self-acting  sluice  gate,  horizontal,  i.  127-130. 

barracks  at  Lucea,  Jamaica,  description  of,  ii.  247. 

balance  gates  at  the  Compensation  Reservoir  of  the 

East  London  Water  Works,  vii.  61-63. 

breaches,  formation  of,  by  artiller)',  ii.  38-50. 

brick-work,  resistance  of,  vi.  219,  220. 

rolling  bridge  at  Jersey,  description  of,  iv.  216-218. 

suspension   bridge  over  the   Regent's   Park  Canal, 


Dredge's,  vii.  58-60. 
swing  bridge  over  the  Grenville  Canal,  Canada,  vi. 


103,  164. 

weigh  bridge  in  Woolwich  Dockyard,  iv.  204,  205. 

bridges  across  the  Ottawa,  connecting  the  Canadas, 


iii.  158-163. 
bullets,    leaden,    manufacture    of,  by    compression. 


description  of  machinery  for,  v.  219-223. 
cement,  injection  of,  into  leaky  joints  of  masonry,  iv. 


208,  209. 

charges  of  military  mines,  ii.  19-20. 

cotfer-dam  in  Woolwich  Dockyard,  description  of.  iv. 


206,  207. 

concrete,  i.  27  ;  ii.  263-260. 

condensation   of  Thames  ballast  when  formed   into 


concrete,  vii.  224. 

diring  bell,  wooden,  description  of  a,  i.  120. 

dock  lately  constructed  in  Woolwich  Yard,  description 


of  a,  V.  224-232. 

girder,  experiments  on  an  open  cast  iron,  vii.  216,  217. 

girders,  iron,  experiments  on,  vii.  21H,  219. 

Rideau  Canal,  description  of  some  of  the  works  on 


the,  and  the  alterations  made  therein  since  the  opening  of 

the  navigation,  iii.  133-138. 

Rideau  dams,  ii.  114-121. 

roof  of  the  chapel,  R.  A.  Barracks,  Woolwich,  mode 


of  restoring  the  principals  of  the,  iv.  219,  220. 
roof  at   the   Bricklayers'  ;Vrms  Station,   experiment 


upon  two  principals  of  the,  vii.  220,  221. 
roofs,  iron,  description  of  some  erected  within  the  last 


few  years,  vi.  211-215. 

saw  mill,  American,  description  of  a,  vi.  161, 162. 

timber,  experiments  on  the  strength  of,  v.  127-139. 

underpinning  the  storehouses  at  Chatham  Dockyard, 


i.  30. 

Deptford  Dockyard,  description  of  machinery  in,  for  spinning 
hemp,  and  making  ropes  and  cables,  v.  233-265. 

Derche's  drawbridge,  with  a  spiral  counterpoise,  v.  212-214. 

Dcsaguliers,  Dr.,  inventor  of  mechanical  ventilation,  vi.  169. 

Destruction  of  stone  bridges  during  the  Peninsular  war,  me- 
thods of,  i.  148-150. 

gates,  by  means  of  powder  in  a  bag,  vi.  03-06. 
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Detachments,  system  of  doing  duty  l)y,  i.  18. 

Devonport,  new  Victualling  Establishment  at,  iv.  198-200;  di- 
mensions of  iron  work  of  roofs  to  the,  201. 

Dickenson,  Capt.,  R.  E.  (Torres  Vedras),  iii.  11. 

Dickson,  Sir  Alexander,  i.  42. 

Dikes,  description  of  their  construction,  vii.  168-175;  of  the 
Helder,  169;  of  Zealand,  ii.;  modes  of  preserving  and  re- 
pairing them,  186, 187. 

Discipline  in  prisons,  silent  and  separate  systems,  vii.  14-18. 

Diving  bells  employed  in  erecting  the  wharf  wall  at  Milford 
Haven,  i.  106 ;  quantity  of  work  doue  by  their  use  under 
and  above  water,  107,  118  ;  description  of  their  construction, 
107-109;  and  of  the  apparatus,  gear,  &c.,  connected  with 
them,  \\z. — air  pump,  109;  hose,  >6.;  crab  and  carriage, 
110;  stage  carriage,  iA. ;  stage,lll;  bell  vessel,  112;  dredging 
boat,  t'A. ;  tin  tubes  and  borers  used  iu  blasting  under  water, 
113;  tools  used  in  them,  it.;  manner  of  working  the  bells, 
115  ;  signals  used,  ii. ;  rates  of  pay  to  persons  employed  in 
the,  117 ;  certainty  of  the  work  performed  under  water,  118 ; 
precautions  necessary,  119;  inconvenience  experienced  by 
the  men  working  In  the,  i4.;  suggestions  to  prevent  acci- 
dents in  the  fall,  <*. 

wooden,  description  of,  i.  120. 

work  with,  on  wharf  walls,  iv.  175-180. 

Djezzar  Pacha  at  Acre,  anecdote  of,  note,  vi.  34. 
Dobenheim's  drawbridge,  v.  210. 

Dock  in  Woolwich  Yard,  description  of,  v.  224-232 ;  mode  of 
building  the  river  wall,  224-227 ;  excavation  for  the  dock, 
227  ;  drain  for  carrying  off  the  water,  228  ;  backing  of  the 
dock,  ib.;  floor  of  the  dock,  229;  description  of  the  raa- 
chineo',  229-232;  sluice,  229;  capstan,  230,  231;  caisson 
to  the  dock,  231,  232. 

Dockray,  Mr.  R.  B.,  vii.  161. 

Donawert  iu  1704,  value  of  the  retrenchments  at,  iii.  35. 

Dorset  Coast,  drifting  of  shingle  along  the,  ii.  128,  129. 

Douglas,  Major,  Royal  Marines,  vi.  29,  note,  31. 

Douro,  bridge  of  the  Tordesillas  across  the,  destruction  of,  i. 
149. 

Dover,  accumulation  of  sand  and  gravel  at,  i.  44. 

Dew's  Great  Swamp,  Rideau  Canal,  works  at,  i.  85. 

Drainage  in  tunnelling,  iv.  85-87. 

of  low  lands  in  Holland,  vii.  165-197. 

of  railways,  vii.  153-159. 

Drawbridge  on  the  London  and  Birmingham  Railway  at  Weedon, 
description  of,  iii.  189-191. 

Drawbridges,  v.  20G-218  ;  qualities,  206,  207 ;  centre  of  gravity, 
207 ;  Gothic,  208 ;  lever,  with  the  counterpoise  under  the 
roadway,  209;  Belidor's,  ii. ;  Dobenheim's,  210;  Delilc's, 
211;  Bergerc's,  212;  Derche's,  with  a  spiral  counterpoise, 
212-214  ;  Burcl's,  214  ;  Poncclct's,  with  a  varying  counter- 
poise, 215-217;  how  a  drawbridge  maybe  made  available  for 
both  ends  of  a  communication,  217,  218. 

liranings  by  perspective  from  plans  and  dimensions,  direc- 
tions for  making,  i.  58-60;  description  of  the  apparatus 
for,  58. 

Dredging  boat  used  in  connection  with  diving  bells,  description 
of,  i.  112. 


Dredge's  suspension  bridge  over  the  Regent's  Park  Canal,  vii. 
58-00. 

Dresden  presened  by  tlirowing  up  works  on  the  banks  of  the 
Elbe,  note,  iii.  28. 

Dress,  which  is  the  most  suitable  for  work,  ii.  9. 

Drivers,  attaching  of,  to  a  company  of  Sappers,  ii.  7,  13. 

Drummond,  Capt.,  R.  E.,  memoir  of  the  professional  life  of,  4th 
vol.  ix.-xxiv. ;  introductory  remarks,  ix. ;  birth,  ib. ;  his 
mother's  care  and  influence,  ib. ;  education,  x. ;  cadetship,  ib. ; 
studies  in  mathematics,  ib. ;  conduct,  xi. ;  talent  for  me- 
chanical invention,  ib. ;  escape  from  drowning,  ib. ;  acquaint- 
ance with  Major  Reid,  xii. ;  visits  the  anny  of  occupation  in 
France,  ib. ;  meditates  leaving  the  army  for  the  bar,  ib. ; 
joins  the  Trigonometrical  Survey  in  1820,  xiii. :  studies 
chemistry,  ib. ;  first  application  of  his  lamp  to  actual  use, 
XIV. ;  heliostat,  xv. ;  employed  in  the  measiu-emcnt  of  the 
base  at  Magilligan,  xvi. ;  attentions  to  the  barometer,  ib. ; 
use  of  philosophic  instruments,  ib. ;  hardships  on  SUeve 
Snaght,  and  illness,  xvii. ;  appUeation  of  his  bgbt  to  light- 
houses, ib. ;  successful  experiment,  ib. ;  his  merit  with  regard 
to  the  Hght,  ib. ;  placed  at  the  head  of  the  Boundary  Com- 
mission, xviii. ;  secures  the  friendship  of  Lord  Brougham, 
XIX. ;  his  severe  labours  with  regard  to  parliamentary  repre- 
sentation, on  which  the  Reform  Bill  was  founded,  ib. ;  the 
Boundary  Commission  presents  him  his  portrait,  xx. ;  his 
studies  with  the  \iew  of  publishing  an  account  of  the  base 
at  MagilUgan,  xxi. ;  becomes  the  private  sccretarj'  of  Lord 
Spencer,!*.;  granted  a  pension,  ib.;  appointed  Under-Secretary 
of  Ireland,  ib. ;  employed  preparing  a  bill  for  Municipal  Reform, 
XXII.;  abolition  of  the  bulks  at  Cork  and  Dublin,  ib.;  ap- 
pointed First  Commissioner  of  the  Irish  Railway  Commission, 
ib. ;  difficulty  of  the  duty,  xxiii. ;  value  of  the  Report,  ib. ; 
his  power  of  mind,  xxiv. ;  illness  and  death,  ib. 

Drummond  light,  v.  36. 

Dr)-rot,  presenation  of  timber  from,  i.  131-145 ;  Addenda, 
1-8. 

extent  of,  in  ships  of  the  Na\T,  Addenda,  i.  5. 

saving  of  expense  to  Government,  if  prevented.  Ad- 
denda, i.  6. 

Dumbrill,  Mr.,  Clerk  of  Works,  Eastbourne,  i.  48. 

Duncan,  General,  of  the  United  States,  on  a  steam  commu- 
nication between  Lake  Micliigan  and  the  Mississippi,  v. 
192,  193. 

Dunes  in  Holland,  how  formed,  vii.  167. 

Dungencss,  accumulation  of  sand  and  gravel  at,  i.  44. 

Duplat,  Lieut.-Colonel,  R.  E.,  on  the  fortifications  of  Verona, 
V.  6. 

Durand,  Lieut.,  E.  I.  C.  Engineers,  iv.  4,  5,  96 ;  vi.  2. 

on  the  passage  of  the  Indus,  iv.  92-105. 

on  the  field  equipment  of  the  Engineer  Depart- 

mcnt  wilh  the  Army  of  the  Indus,  vi.  1-11. 

Uurback,  Colonel,  iv.  212. 

Earthknwark  pipe,  for  the  conveyance   of  water  under  a 

binvy  pressure,  mode  of  proving  it,  iii.  186,  187. 
Earthquakes,  ii.  198-200. 
Earth-works  on  railways,  vii.  137-159. 
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Eastbourne,  efficacy  of  groins  to  protect  the  redoul)t  at,  i.  48  ; 

description  of  their  construction  and  use,  49. 
Eastlake,  C.  L.,  Esq.,  on  the  means  of  preventing  damp  in  walls, 

and  on  the  prcsenation  of  paintings,  \a.  204-215. 
Easton  and  .\mos,  Messrs.,  vi.  170,  177. 
Ebenezer,  Ordnance  sloop,  note,  ii.  129. 
Edinburgh,  account  of  the  failure  of  a  floor  in,  \-ii.  87,  88. 
Edmon's  Rapids,  Ridcau  Canal,  i.  79 ;  works  at,  91,  100. 
Elirenbreitstein,  breach  formed  at,  note,  ii.  43. 

works  at,  ii.  52,  53. 

El  .■Vrisch,  description  of,  note,  vi.  22. 

Electricity,  presence  of,  during  hurricanes,  ii.  198  ;  effect  of  it 

on  the  magnetic  needle,  ib. ;  sparks  of  it  given  off  from  the 

human  body,  ib. 
Electric  state  of  the  air,  directions  for  observing,  ii.  229. 
Embankments  or  dikes  in  Holland,  vii.  167-169  ;  186,  187. 

on  railways,  Vii.  137-159. 

Encaustic  painting,  vii.  209  ;  mode  of  preparing  a  wall  for,  215. 
Eucroachment  of  the  sea  along  the  southern  coast  of  England, 

i.  44. 
on  the  coast  of  Sussex,  prevented  by 

groins,  i.  48. 
method  adopted  on  the  coast  of  the 

Netherlands  to  prevent  it,  ii.  134,  135. 
Engineer  Department,  present  state  of,  i.  146. 
necessity  of  completing  the  military  or- 
ganization of,  ii.  7-10. 
want  of  horses  for  its  senice  on  the  ex- 

pc<lition  to  Walclieren  in  1809,  ii.  11. 
inefficiency  of  the,  during  the  late  war, 


with  the  expedition  to  Naples  in  1805, 

ii.  13. 

French  army,  its  organization,  ii.  12. 

details  as  regards  connct  and  other  labour,   iv. 

136-197. 
Equipment,  bridge,  with  an  army,  i.  150. 

field,  present  inefficiency  of,  i.  146. 

with  the  Army  of  the  Indus,  vi.  1-1 1.     (See 

Field  Equipment.) 

Equitable,  operations  for  removing  the  wreck  of  the,  v.  16-29  ; 
preliminary  arrangements,  16-19  ;  description  of  the  first  at- 
tempt by  means  of  a  leaden  pipe  and  powder  hose,  19  ;  second 
attempt  by  galvanic  battery,  20-24.    {See  Galvanic  Battery.) 

Erfurt,  in  the  Prussian  Rhenish  Provinces,  works  at,  ii.  68,  69. 

Erie  Lake  to  Quebec,  water  communication  between,  v.  140- 
193. 

Canal,  v.  144,  145. 

Evans,  Mr.  T.,  his  project  for  a  shot  furnace,  iv.  20. 

Experiments  on  a  concrete  casemate  at  Woolwich,  i.  33-42. 

with  concrete,  ii.  263-266. 

under  water  at  Brighton,  i.  46. 

on  the  condensation  of  gravel  and  sand  when  made 

into  concrete,  vii.  222-224. 
on  the  properties  and  adhesive  qualities  of  various 


Experiments  on  the  resistance  of  brick-work,  vi.  219,  220. 

on  the  pressure  of  earth  against  revetments,  and 

the  best  form  of  retaining  walls,  vii.  69-86. 
on  the  detached  revetment  of  Camot,  at  Wool- 


wich, ii.  45-48. 
on  timber  with  Kyan's  solution,  i.  142,  143,  144, 

.Vddenda,  2,  3,  5. 
on  the  strength  of  various  sorts  of  timber,  v.  90- 

139;  on  an  open  cast  iron  girder,  vii.  216,  217;  on  iron 

girders,  218,  219. 

on  the  strength  of  the  principles  of  a  wTought  iron 


roof,  vii.  225,  226. 
on  two  principals  of  the  roof  over  the  Bricklayers' 

Arms  Station,  vii.  220,  221. 
at  Tournay,  in  1689,  on  the  charges  of  military 

mines,  ii.  22-26. 
on  flic  formation  of  breaches  by  artillery,  at  Metz, 


for  ascertaining  the  heights  of  mountains  by  boil- 
ing water,  iii.  169-176. 
with  a  shot  furnace  at  Nicholas'  Island,  Plvmouth 


Sound,  iv.  14-17;  at  Gibraltar,  in  1771,  21  ;  at  Malta,  vi. 

204-210. 
on  the  employment  of  sand  for  foundations  in 

marshy  soil,  iv.  210-215. 

in  blowing  in  gates  at  Quebec,  vi.  63-66. 

with  the  voltaic  battery,  vi.  202. 

with  wire  conductors,  vii.  34  ;  and  the  conducting 

power  of  water  as  applied  to  submarine  explosions,  34,  35 ; 

with  the  voltameter,  to  test  the  power  of  voltaic  batteries, 

39-41. 

Falcke,  Mr.,  Netherlands  Minister  to  Brussels,  vii.  165. 
Fanshawe,  Colonel,  R.E.,  i.  81. 

on  the  demolition  of  the  great  basin   at 

Flushing,  ii.  33-35. 

on    the    effect   of   climate    on    Yorkshire 

paving,  iii.  180,  181. 

Faraday,  Professor,  on  Kyan's  process  for  preserving  timber,  &c., 

i.  134,  notes,  137,  139. 
Farquharson,  C,  Esq.,  Addenda,  i.  4. 
Fascine  causeway  of  the  Amsterdam  and  Utrecht  Railway,  vii. 

197-199. 
Fascines,  their  use  in  forming  foundations  to  buildings,  vi.  216, 

217;  mortar  platforms,  217;  hardways  on  banks  of  rivers, 

ib. ;  bed  for  rail  or  tram  roads  over  marshes,  218. 

jetties  of  the  Katwyk  Canal,  Holland,  made  of,  vii.  195. 

Fenton,  Mr.,  Rideau  Canal,  ii.  115. 
Fenwick,  Captain,  13th  Regiment,  vi.  16. 
Field  equipment,  inefficiency  of,  i.  146. 

and  engineer  stores,  list  of,  for  carriage  by 

various  numbers  of  mules,  ii.  14,  15. 

of  the  Engineer  Department,  with  the  .\rmy  of 


cements,  iii.  184,  185. 
on  the  strength  of  mortar  at  Bermuda,  iv.  162. 


the  Indus,  vi.  1-11 ;  organization,  I ;  list  of  tools  and  stores, 
2,  5,  6 ;  weight  of  some  of  them,  7 ;  arrangements  for  se- 
curing a  proportionate  eipiipmcnt  to  accompany  the  Sappers 
on  the  march,  2 ;  mode  of  packing  in  bags  the  spare  equip- 
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ment  and  the  engineer  park,  2,  3 ;  merits  of  this  mode,  8 ; 
mode  of  carrjiug  scaling  ladders  and  articles  of  bridge  equip- 
ment, 3,  10;  advantage  of  tool  racks,  9;  the  pho^vrah,  i4. ; 
sand-bags,  10 ;  hand  grenades,  ib, ;  what  constitutes  ail 
etficient  equipment  in  India,  II. 

Field  establishment  of  drivers,  horses,  tools,  &c.,  for  service  of 
Engineer  Department,  necessity  for,  ii.  7,  11-16. 

works,  utiUty  of  contoured  plans  in  arranging  the  tracing 

and  reUef  of,  ii.  82,  89. 

protractor,  Howlett's,  description  and  use  of,  i.  62-64. 

First  Rapids  on  the  Rideau,  works  at,  i.  93. 

Fish  falUng  during  rain  in  India,  ii.  209-213. 

River,  Great,  S.  Africa,  v.  7-15 ;  introductory  remarks,  7  ; 

general  Report  on  the  ground,  river,  drifts,  bank,  bush,  and 
Hottentot  locations,  8-12 ;  special  ditto  on  the  four  last 
subjects,  13,  14 ;  Table  of  the  rates  of  the  fall  of  the  river, 
15. 

Fitzgerald,  Capt.,  E.  I.  C.  Engineers,  on  the  removal  of  the 
wreck  of  the  Equitable,  v.  16-33. 

Fixed  hghts,  English,  v.  42-44  ;  59-61 ;  their  reflectors,  61,  62 ; 
new  system  of,  56-77. 

Fletcher,  Lieut.-Colonel,  R.E.,  iii.  2,  41,  55. 

Floor  in  Edinburgh,  account  of  the  failure  of,  vii.  87,  88. 

Flushing  in  1809,  reduction  of,  delayed,  owing  to  the  Engineer 
Department  not  having  sufficient  horses,  ii.  II;  demolition  of 
the  great  basin  at,  by  mining,  33-35. 

Flying  bridge  at  Bonn,  vii.  48-50. 

at  Lintz,  vii.  50,  51. 

Forster,  Lieut.,  R.E.  (at  Torres  Vedras),  iu.  11-13. 

Fortification,  {see  Cadi:.) 

in  Western  Germany,  for  the  security  of  the  Rhine, 


Forts,  their  use  in  coast  defences,  vii.  5-7  ;  Blockhouse  Fort,  3 ; 

Fort  Wellington,  Ostend,  6 ;  Fort  Tigne,  Malta,  ib. 
Fort  Schulemburg,  Vido,  demoUtion  of,  by  mining,  ii.  30-32. 
Fouler,  Chief  of  Brigade,  French  Artillery,  vi  35. 
Fomidations,  concrete  can  be  used  advantageously  for,  i.  27 ; 

ii.  266. 
concrete  for,  to  be  formed  in  one  bed  or  platform, 

i.  33. 


ii.  51-74. 


of  north  wing  of  Buckingham  Palace,  defective, 

i.  27. 

proportion  of  ingredients  to  compose  concrete  for, 

i.  27. 

emplojTnent  of  sand  for,  in  marshy  soil,  iv.  210- 

215. 

for  raihoads  in  America,  formed  by  piles,  vi.  183- 

185. 

to  buildings,  use  of  fascines  for,  vi.  216-218. 

to  embankment  of  the  Amsterdam  and  Utrecht 

Railway,  formed  of  fascines,  \'ii.  197-199. 

Fox,  Jlr.,  vi.  219. 

and  Henderson,  Messrs.,  of  Birmingham,  vi.  211. 

Franz,  Fort,  on  the  Rhine,  works  at,  ii.  53. 
Eraser,  Lieut,  (at  Burgos),  i.  17. 

Colonel  Sir  .\ugustus,  R.A.,  iv.  126, 127. 

Freights,  iii.  195. 

Fresco  painting,  mode  of  preparing  a  wall  for,  vii.  209-214. 

Fresnel's  dioptric  apparatus,  v.  35,  56,  62,  63. 

catadioptric  apparatus,  v.  74,  78,  note,  64. 

Frorae,  Capt.,  R.  E.,  his  account  of  the  Rideau  Canal,  &c.,  i. 

73-102. 
Fucntes  d'  Ofioro,  battle  of,  ii.  I— 1. 

intrenchmeuts  at,  ii.  3-6. 

of  the  right  bank  at  Coblenz,  ii.  51,  53;  Fort       Furnace  for  heating  shot,  iii.  112,  113;  iv.  12-22;  vi.  204-208. 


Alexander,  52,  53 ;  Fort  Franz,  53 ;  Cologne,  54  ;  Mayence, 
55;  Waissenau  Lager,  56;  Kreuz  Schanz,  H.\  Hartenberg 
redoubt,  57. 

of  the  left  bank,  Ehrenbreitstein,  ii.  52,  53; 


Pfaffendorfer  height,  52 ;  Cassel,  55  ;  Fort  Montebello,  ib.; 
Luxembourg,  Treves,  Saar  Louis  and  Saar  Bruck,  Landau, 
Gcrmersheim,  58. 
right  bank,  upper  Rhine  in  Bavaria,  Ulm,  Wurz- 


burg,  Ingoldstadt,  ii.  59  ;  Passau,  60. 

for  the  security  of  the  valley  of  the  Danube,  liy 

the  Austrians  at  Salzburg,  ii.  61 ;  Lintz,  03-68. 

in  the  Prussian  Rhenish  Provinces,  Erfurt,  ii.  68, 

69;  Magdeburg,  69;  M'ittenburg,  ib.;  Torgau,  ib.;  details 
of  the  works  in  coiu^e  of  construction,  70-74. 

in  the  kingdom  of  Saxony,  at  Kccnigstein,  ii.  69 ; 

Lillienstein,  ib. 

of  Brixen  and  Verona,  iv.  7-11. 

at  Genoa  and  Lyons,  v.  1-5. 

comparative  view  of  different  systems,  ii.  73 ; 

Chasseloup's  preferred  by  the  Austrian  engineers,  57. 

advantages  of  the  Prussian  system  of,  ii.  74. 

utility  of  contoured  plans  in  arranging  the  tracing 


and  relief  of  works  of,  ii.  82,  89. 
Fortresses,  barracks  for  troops  in,  iv.  108. 


G.\LTON-,  Lieut.  D.,  R.  E.,  on  drawbridges,  v.  206-218. 

Galvanic  battery  and  apparatus,  employed  in  removing  the 
wreck  of  the  Equitable,  v.  20-24,  30-32 ;  construction  of 
the  battery,  20 ;  appar.-itus  connected  with  it,  20.  21 ;  ob- 
viating an  objection  to  the  battery,  21 ;  arrangements  for 
completing  the  circuit,  22;  conducting  wires,  21,  22,  31; 
connecting  them  with  the  battery,  25,  26 ;  portfire  stand, 
26 ;  cyUnder,  30 ;  priming  apparatus,  ib. ;  how  to  ascertain 
defects  in  galvanic  arrangements,  ib. ;  substitute  for  galvano- 
meter, 31 ;  directions  for  the  use  of  the  battery,  32  ;  materials 
employed  in  making  the  solution,  27,  31,32  ;  hmils  of  actual 
danger,  27. 

Galvanometer,  vi.  195,  196;  substitute  for,  v.  31. 

GarigUano  River,  Naples,  passage  of,  with  copper  pontoons,  in 
1805,  i.  122-126. 

Garonne,  failure  of  a  pontoon  bridge  across  the,  in  1814,  i.  123, 
note,  124. 

Garrotte  of  Vauban,  iv.  106. 

Gates,  experiments  in  blowing  in,  vi.  63-66. 

at   the  Com])ensation   Reservoir,  East  London   Water 

Works,  vii.  61-63. 

Gateway  at  Cabul,  blowing  open  of.  with  bag  and  ])owder,  iv. 
4,5. 
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Gauge  of  railways,  vU.  123-136. 

Gauss,  Professor  at  Gottingen,  4th  vol.  xv, 

Gauzence,  Capt.,  French  Engineers,  iv.  213. 

Gaza,  description  of,  note,  vi.  23. 

Gear  used  in  connection  with  diving  bells,  description  of,  i. 
109-113. 

Gennessee  River  at  Rochester,  destruction  of  one  of  the  piers  of 
the  aqueduct  over  the,  note,  ii.  119. 

Genoa,  city  and  fortifications  of,  v.  1-3. 

Gemiersheim,  in  Bavaria,  ii.  58. 

Ghuznee,  engineer  operations  for  the  taking  of,  iv.  1-6 ;  de- 
scription of  the  fortress,  3 ;  attack,  ii. ;  reconnoissance,  4  ; 
coup-de-main  to  be  made  by  the  Cahul  gate,  ih. ;  arrange- 
ments for  blowing  it  open,  ili. ;  success,  5  ;  Ghuznee  taken, 
6 ;  casualties,  I'A. 

Gibbs.  Mr.,  Engineer,  u.  105-112. 

Major-General  Sir  Edward,  Lieut.-Govemor,  Jersey,  iv. 

114. 

Gibraltar,  mode  of  blasting  rock  at,  iv.  47,  48  ;  experiments  at, 
with  red-hot  shot,  21,  22. 

Girder,  open  cast  iron,  experiments  on  an,  vii.  216,  217. 

iron,  experiments  on  an,  vii.  218,  219. 

Girders,  cast  iron,  strength  of,  vi.  78-136.  (See  Beams.) 

two  large,  drawings  of,  vi.  143. 

description  of  hydraulic  press  for  proriug  of,  vi.  143- 

145  ;  method  of  using  it,  145-147. 

Glynn,  Joseph,  Esq.,  his  description  of  the  wharf  cranes  made 
by  the  Burteriey  Company,  iv.  221,  222. 

his  description  of  a  traversing  crane  used 

by  the  Butterley  Company,  v.  194,  195. 

Godwin's  Essay  on  Concrete,  i.  27. 

Goldfinch,  Capt.,  U.  E.,  iu.  11,  22,  41. 

Goodwin  Sands,  supposed  cause  of  their  accumulation,  note, 

i.45. 
Gordon,  Lieut.,  R.  E.,  on  the  properties  and  adhesive  quahties 

of  cements,  iii.  184,  185. 

W.,  Royal  Navy,  vi.  191. 

Gothic  drawbridge,  v.  208. 

Goudrian,  Mr.,  of  the  AVater  Staat  in  Holland,  vii.  165. 

Goumont,  its  possession  by  the  Guards  a  great  obstacle  to  the 

French  at  Waterloo,  iii.  32. 
Gradients  of  railways,  vii.  104-123. 
Grant,  Capt.,  Bombay  Engineers,  on  small  fish  falling  during 

rain  in  India,  ii.  209-213. 
Gravel  and  sand,  condensation  of,  when  made  into  concrete, 

vu.  222-224. 
Gregory,  Dr.  Olinthus,  i.  60. 
Crenelle,  Artesian  well  at,  v.  269,  270. 
Grenville  Canal,  i.  82. 
wooden  swing  bridge  over  the,  description  of, 

vi.  163,  164. 
Grierson,  Capt.,  R.  E.,  ii.  205. 
Griffith,  Mr.,  4th  vol.  xxiii. 
Groins,  their  construction,  i.  49  ;  general  rules  to  be  observed 

in  their  construction,  50  ;  ii.  131. 

description  of  their  use,  i.  49. 

their  value  in  securing  the  sea  wall  at  Brighton,  i.  44. 


Groins,  their  efficacy  in  protecting  the  redoubt  at  Eastbourne, 
i.  48. 

their  use  on  the  Sussex  coast,  i.  48-51. 

of  rough  stone  strewn  on  the  breach,  an  effectual  bar- 
rier to  the  passage  of  shingle,  vi.  71. 

Groome,  Kirs.,  taken  up  in  a  wliirlwind  at  Barbadoes,  in  1675, 
note,  ii.  148. 

Guailiana,  failure  of  a  pontoon  bridge  across  the,  in  1811,  i. 
123. 

Guest,  Sir  John,  iv.  13. 

Gumpertz  and  Lebrun,  on  charges  of  miUtarv-  mines,  ii.  21,  22. 

Gunpowder,  description  of  a  new  apparatus  for  drying,  iv.  23- 
26. 

Guns  suitable  to  coast  defences,  description  of,  vii.  2. 

Gunwale  pins,  vertical,  utility  of,  note,  i.  124. 

Haarlem  Lake,  Holland,  description  of  the  arrangements  for 
draining  it,  vii.  171-180;  cost,  180,  181. 

Harbours,  appUcation  of  forts,  towers,  and  batteries  to,  vii. 
1-9. 

suggestion  for  keeping  the  entrances  of,  free  from 

bars,  IL  131. 

Harding,  Colonel,  R.  E.,  Report  on  the  concrete  casemate  at 
Woolwich,  i.  33-42 ;  his  letter  on  Kyan's  process  for  pre- 
sening  timber,  &c.,  135,  141. 

HariUnge,  Capt.,  R.  A.,  Report  on  experiments  with  timber  pre- 
pared and  imprepared  with  Kyan's  solution,  i.  134, 143, 145. 

Hardways  on  river  bauks,  fascines  useful  in  forming  foundations 
for,  vi.  217. 

Harness,  Capt.,  R.E.,on  contoured  plans  and  defilade,  ii.  75-90. 

his  description  of  the  Obsenatory  at 

Chatham  for  the  Officers  of  Royal  Engineers,  vii.  64-68. 

Harris,  Major,  R.  E.,  i.  76. 

Harris,  Colour-Serjeant,  R.  S.  M.,  his  accoimt  of  the  method 
employed  to  blow  the  Arethisa  to  pieces  under  water,  ii. 
36,  37. 

Corporal,  R.  S.  M.,  vii.  38,  note,  ib. 

Snow,  Mr.,  vii.  34. 

Hartwell's,  on  the  Rideau  Canal,  works  at,  i.  85,  100. 

Haslar  Beach,  reconstruction  of  the  sea  wall  at, — its  original 
construction,  vi.  67  ;  cause  of  its  being  damaged,  68 ;  plan 
for  its  reconstruction,  I'i. ;  specification  of  works  to  be  per- 
formed, 72-75  ;  cost  of  the  work,  75  ;  omission  of  the  waling, 
69  ;  arrangement  of  the  stones,  ib. ;  wearing  action  of  the 
shingle  upon  them,  ib. ;  mode  of  setting  the  pitching,  70 ; 
substitute  for  oak  dowels  in  the  closing  block  of  the  course, 
ib. 

Hastings,  proposed  harbour  at,  probable  impediments  to  it  by 
shifting  shingle,  i.  45. 

Sir  Thomas,  R.  N.,  note,  vi.  51. 

Hawkins,  Jlajor,  Bombay  Engineers,  ii.  211. 

Health,  precautions  for  its  preservation,  ii.  245,  246  ;  note, 
234-236. 

Heat  in  tropical  cUmates,  modified  by  galleries,  ii.  243. 

Height  of  mountains,  experiments  for  ascertaining,  iii.  169- 
176. 

Heldcr,  dike  of  the,  vu.  168, 169. 
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Heliostat,  Colonel  Colby's  substitute  for,  4th  vol.  xir. 

Drummond's,  -Ith  vol.  xv. 

Commander  Mudge's,  4th  vol.  xv. 

Memp,  description  of  machinery  for  spinning,  in  Deptford 
Dockyard,  v.  233-241;  first  preparing  or  gilling  machine, 
233-235  ;  second  preparing  macliine,  235,  236 ;  compressor, 
236,  23"  ;  spinning  machiner>-,  237-240,  250;  winding  ma- 
chine, 240,  241;  amount  of  yam  which  can  be  spun  in  a 
year,  and  its  expense,  250.     (See  Ropes  and  Cables.) 

Herschel,  Sir  John,  note,  vi.  200 ;  his  instructions  for  making 
meteorological  observations,  ii.  214-232. 

Hiero's  fountain  lamp  or  Hungarian  machine,  v.  82. 

Iliggins,  Major,  R.  A.,  vi.  47. 

Hints  for  the  compilation  of  an  Aide-Memoire,  i.  146. 

Hiort's  chimneys,  ii.  251. 

Hobbs'  Point,  Milford  Haven,  landing  wharf  at,  i.  106-120 ;  its 
situation,  dimensions,  &c.,  106;  materials  employed  in  its 
construction,  106,  117;  diving  bells  employed  at,  106  (see 
Dicing  Bells) ;  distribution  of  the  workmen, — how  employed. 
reUefs,  116;  rates  of  pay,  117;  time  the  bells  were  employed 
at  work,  118;  dress  of  the  bell  workmen, — use  of  candles  in 
the  bells,  119. 

Hodges,  Mr.,  vi.  190,  197 ;  vii.  201. 

his  machine  for  forming  simultaneous  contact  of 

several  distinct  wires,  vii.  202,  203. 

Hog's  Back,  Rideau  Canal,  works  at,  i.  85,  100;  ii.  114-120. 

Hoisting  machinery  in  Chatham  Dockyard,  ri.  148-155. 

Holland,  coast  of,  protected  in  various  ways  from  the  action  of 
the  sea,  note,  i.  51. 

defences  in,  ii.  134,  135. 

system  of  drainage  in  the  low  lands  of,  vii.  165-197  ; 

natural  dunes,  how  formed,  167  ;  construction  of  dikes,  168, 
175  ;  dike  of  the  Helder,  169  ;  Zealand  dikes,  ii. ;  canals  or 
ditches,  their  use,  170,  171,  188,  189;  mode  of  draining  a 
morass  or  lake,  170 ;  quantity  of  land  drained,  171 ;  drainage 
of  Lake  Haarlem,  171-180;  estimate  of  the  cost,  180,  181  ; 
comparative  cost  of  working  steam  engines  in  discharging  the 
water,  181,  182 ;  and  of  viind-mills,  183-185  ;  preserving  and 
repairing  the  dikes,  186,  187;  inundations,  and  their  conse- 
quences, 187,  188;  North  HoUand  Canal,  189-192;  canal 
through  the  island  of  Voome,  South  HoUand,  192-194  ;  Kat- 
WTk  Canal,  194-196. 

HoUesley  Bay,  Suffolk,  tower  at,  liuilt  upon  fascines  for  a  foun- 
dation, vi.  216,  217. 

Holmes,  Lieut.,  at  Burgos,  i.  1 7. 

Holloway,  Capt.,  R.  E.  (Torres  Vedras),  iil.  12. 

Homen,  Lorenzo,  Lieut.,  Portuguese  Senice  (Torres  Vedras), 
iii.  12. 

Hope,  Lieut.,  R.  E.,  on  the  pressure  of  earth  against  revetments, 
and  the  best  form  of  retaining  walls,  vii.  09-86. 

Hori7X>ntal  axis  of  a  self-acting  sluice  gate,  investigation  of  the 
position  of,  i.  127-130. 

Horses,  establishment  of,  for  Royal  Engineer  Department,  ii. 
11-1.3. 

Hose  useil  in  connection  with  diving  bells,  description  of,  i.  109. 

Hoitc,  Colonel  Sir  George,  i.  76. 

his  Reports  on  shot  furnaces,  iv.  14-20. 


Hottentot  locations,  v.  10,  11,  12,  14. 

llounslow,  Foreman  of  Works,  R.  E.  D.,  his  description  of  the 
mode  of  raising  buildings  by  screws  in  America,  vi.  186, 187. 

Houses  in  Malta,  mode  of  building,  v.  196-205. 

in  Amsterdam  and  Rotterdam,  founded  on  piles,  note, 

vii.  191. 

Howlett,  S.  B.,  Esq.,  on  barometrical  altitudes,  i.  52-57. 

on  perspective  drawings,  i.  58  ;  on  taking  perspective 

outhnes  from  nature,  ii.  273,  274. 

on  a  new  field  protractor  and  sketch-book,  i.  62-64. 

on  a  new  method  of  plotting  a  survey,  i.  65-67. 

on  a  new  station  pointer,  i.  68,  69. 

on  a  new  Une  dirider  and  universal  scale,  i.  70,  71. 

on  a  barometer  that  requires  no  correction  for  zero  or 

for  temperature,  iii.  164-168. 

on  a  safety  box  for  connecting  a  locomotive  engine  and 

tender  to  the  train,  iv.  202,  203. 

on  copjing  maps  and  plans,  v.  283-285. 

Howorth,  Capt.,  R.  E.,  vii.  67. 

lluddart's  machinery  for  making  rope,  lic,  in  Deptford  Dock- 
yard, V.  233-265. 

Hughes,  Capt.,  Topographical  Engineers,  U.  S.  Army,  on  the 
system  of  drainage  in  the  low  lands  of  Holland,  &c.,  vii.  165- 
197. 

his  description  of  a  fascine  causeway  on  the  Amsterdam 

and  Utrecht  Railway,  vii.  197-199. 

Mr.  S.,  on  chalk  excavations,  vii.  138-140. 

Huhne,  Lieut.,  R.  E.  (Torres  Vedras),  iii.  12, 15. 

llumphn-.  Major,  R.  E.,  iv.  109. 

Ilunicanes,  ii.  137-208;  storms  identical  with,  137  ;  data  col- 
lected by  Mr.  Redfield,  of  New  York,  to  lay  down  some  of 
their  courses,  ;*. ;  gyraton-  motion  of  the  wind,  137, 141, 148, 
208  ;  stated  to  be  progressive  whirlwinds,  138  ;  this  opinion 
apparently  borne  out,  143, 152, 154, 1G9, 195  ;  the  diameters 
of  storms  enlarge  and  proportionally  diminish  in  violence, 
144,  146;  observations  of  persons  at  New  York  relative  to 
the  direction  of  storms,  148 ;  hea\-y  materials  carried  up  into 
the  air,  id. ;  a  woman  taken  up  in  1675,  note,  ib., — a  whale 
boat  at  Bermuda,  152  ;  seeming  explanation  of  variable  winds, 
169,  194  ;  fluctuation  of  the  barometer,  197  ;  fall  greatest  at 
the  centre  of  the  storm,  198  ;  displays  of  electricity,  id. ;  its 
influence  upon  the  magnetic  needle,  ib. ;  connection  between 
cartliqnakes  and  lnuricanes,  198-200 ;  storms  in  the  southern 
hemisphere,  200-208  ;  their  movements  counter  to  those  in 
north  latitudes,  208  ;  range  of  their  influence,  note.  238. 

at  the  Maiuritius,  ii.  200-208  ;  blowing  of  the  wind 

in  veins,  204  ;  wind  blowing  in  sudden  gusts,  205  ;  remark- 
able oscillation  of  the  wind,  ib. ;  meteorological  observations, 
206,  207. 

Hurricane  countries,  building  in,  ii.  149-151. 

Sept.   1821,  Turk's  Island,  West   Indies,  into  the 

United  Stales,  ii.  144-146. 

Aug.  1830,  St.  Thomas's,  to  Sable  Island,  ii.  139-144. 

Aug.  1831,  at  Barbadocs,  which  ended  in  the  southern 

States  of  America,  ii.  147.  149. 

Aug.  1837,  at  Itarbadoes,  ii.  155-159,  164,  165. 

Sept.  1835,  at  Barbadocs,  ii.  152,  153. 
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Hurricane,  Sept.  1830,  St.  Thomas's  to  tlie  North  Atlantic,  ii. 

151,  152. 

Aug.  1835,  at  Antigua  and  St.  Kitt's,  ii.  153,  154. 

Aug.  1837,  Antigua,  passing  to  the  coasts  of  Georgia 

and  Florida,  &c.,  ii.  159-169. 
middle  of  .\ug.  1837,  involving  some  of  the  West 

India  Islands,  and  passing  the  coast  of  Florida,  beyond  Bos- 
ton, u.  170-194. 
Sept.  1837,  from  Alabama,  passing  to  the  south  of 

Cape  Hatteras,  ii.  194-190. 
Hurst  Castle,  sliingle  at,  ii.  130 ;  ancient  lines  of  high  water  at, 

visible,  131. 
Hutchinson,  Lieut.,  R.  E.,  on  the  demolition  of  Round  Down 

Cliflf,  near  Dover,  vi.  188-203 ;  vU.  200-203. 
Hydraulic  lime,  injection  of  into  leaky  joints  of  masoniT,  iv. 

208,  209. 
press  for  proving  girders,  &c.,  description  of,  \i.  143- 

145  ;  method  of  using  it,  145-147. 
Hydrometer  used  in  Kyan's  process  for  preserving  timber,  note, 

i.  131 ;  Addenda,  8. 
Hydro-pneumatic  lamp,  v.  83-89. 
Hydrostatic  lamp,  French,  v.  80-82. 
Hygrometer  and  rain  gauge,  ii.  225,  226. 

Indus,  passage  of  the,  iv.  92-105  ;  project  for  it,  92  ;  boats  and 
materials  for  the  bridges,  93-95  ;  characteristics  of  the  river, 
95,  96 ;  sites  for  the  bridges,  96 ;  engineers'  means  avail- 
able, 96, 97  ;  journal  of  forniingthe  bridges,  97-103 ;  remai'ks 
on  their  construction,  103-105. 

field  equipment  mth  the  Army  of  the,  vi.  1-11. 

Infantrj-,  instruction  of,  in  field  operations,  ii.  8,  9. 

construction  of  intrenchments,  pecuhar  dutj-  of  the, 

u.  10. 

Ingoldstadt,  in  Bavaria,  works  at,  ii.  59. 

Ingouville,  XI.,  his  power  of  pointing  out  where  water  can  be 
found  in  Jersey,  iv.  114,  115. 

Insects,  ravages  of,  in  wood  and  bamboo,  i.  135,  136. 

Intrenched  camp  at  Lintz,  ii.  66;  iii.  196-198;  at  Lyons,  v. 
3-5. 

Intrenchments,  their  importance  as  supports  in  battle,  ii.  1-6  ; 
exemplified  at  Fuentes  d'Ofioro,  3,  6 ;  Paris  road,  near  Tou- 
louse, 4  ;  in  front  of  Bayonne,  5. 

Intrenching  equipment  for  R.  E.  Department,  proposed,  ii.  7, 
11-16. 

tools,  observations  respecting,  ii.  7,  12,  13. 

proportions  of,  for  carriage  by  mules,  ii,  14- 


16. 


quantities  suppUed  for  various  siege  opera- 


tions in  Spain,  ii.  17. 

for  service  in  America,  in  1814,  ii.  17,  18. 

with  the  Armv  of  the  Indus,  vi.  1-11. 


Instructions  for  making  and  registering  meteorological  observa- 
tions, ii.  214-232. 

Inundations  in  Holland,  and  their  consequences,  vii.  187,  188. 

Irish  Railway  Commission,  its  objects,  &c.,  4th  vol.  xxii.  xxiii. 

Iron,  its  decomposition  by  salt  water,  and  reconstruction  in  a 
mineral  form,  iii.  177-179. 


Iron,  durability  of,  when  exposed  to  the  action  of  the  sea,  viL 

94. 
Isla  de  Leon,  defence  of,  iii.  75-101.  {See  Cadi:.) 
Isle  of  M'ight,  shingle  at,  ii.  130. 

Jaffa  taken  by  Buonaparte,  vi.  23-26. 

description  of,  vi.  25. 

James,  Lieut.,  R.  E.,  on  the  demolition  of  the  revetments  of 
some  old  works  at  Shecrness,  iii.  109-111. 

Capt.,  R.  E.,  note,  vii.  38. 

Jebh,  Lieut.,  R.  E.,  i.  74  ;  Capt.,  R.  E.,  v.  156. 

Capt.,  R.  E.,  his  description  of  a  drawbridge  on  the  Lon- 
don and  Birmingham  Railway  at  Weedon,  iii.  189-191. 

Major,  on  the  theory  and  practice  of  sinking  Artesian 

wells,  v.  266-280. 

on   the  construction   and  ventilation    of  prisons,  vii. 

10-32. 

on  strengthening  outposts,  ii.  10. 

Jellalabad,  defensive  works  in,  vi.  12-18  ;  town,  12,  13 ;  state 
of  the  works,  13;  their  improvement,  13,  14  ;  damaged  by 
an  earthquake,  14 ;  restoration,  14,  15 ;  particular  mention 
of  indi\idnals  and  corps,  16-18. 

Jersey,  well  in  Fort  Regent,  iv.  109-115;  Fort  Regent,  109; 
means  of  obtaining  water  for  the  fort,  110;  temperature  of 
the  water,  id. ;  comparative  analysis  of  the  fort  and  barrack 
ofiice  wells.  111 ;  expense,  time,  and  labour  of  sinking  the 
well,  112;  machinery,  113;  M.  Ingouville's  power  of  point- 
ing out  where  water  could  be  found,  114. 

Fort  Regent,  description  of  a  rolUng  bridge  at,  iv.  21G- 

218. 

Jerasalem,  description  of,  vii.  46,  47. 

Jetties  made  of  fascines  on  the  Katwyk  Canal,  vii.  195. 

Jones,  H.  D.,  Major,  R.  E.,  on  the  defence  of  Cadiz,  &c.,  in 
1810,  iii.  75-101. 

on  various  articles  of  traffic,  their  description  and  weight, 

iu.  192-195. 

on  the  well  at  Fort  Regent,  Jersey,  iv.  109-115. 

on  the  mode  of  building  houses  in  Malta,  v.  196-205. 

Lieut.,  R.  E.  (Torres  Vedras),  iii.  11. 

Lieut.-Colonel  Rice,  vii.  200. 

Serjeant-Major,  R.  S.  M.,  vii.  201. 

bis  water-proof  coating,  Wi.  37. 

Sir  John,  i.  16. 

Dr.  George,  iv.  111. 

Jones's  Falls,  Rideau  Canal,  works  at,  i.  95 ;  ii.  120,  121. 

Sieges,  notes  from,  ii.  11-18,  48,  49. 

Sir  John,  Memoranda  on  the  Lines  of  Torres  Vedras, 

iii.  1-74. 

Kat  River,  Fort  Beaufort,  description  of  the  bridge  proposed 

for  the,  iii.  121-131 ;  erected  over  the,  vii.  42-45. 
Kelly,  Serjeant-Major,  13th  Regiment,  vi.  16. 
Kempt,  Sir  James,  i.  81. 
King,  G.,  Lieut.,  13th  Regiment,  vi.  16. 
Kingston  Mills,  Rideau  Canal,  works  at,  i.  74,  81,  97. 

Upper  Canada,  i.  73,  note,  ib. 

and  Montreal,  route  for  steam  boats  between,  i.  83. 
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Kingston  and  Montreal,  navigation  of  tlie  Ottawa  and  Ridcau, 
between,  i.  81. 

Kishon,  peculiarities  of  the,  note,  vi.  20. 

Klenze,  M.  Von,  his  plan  for  preventing  damp  in  walls,  vii. 
205. 

Kocnigstein  in  Saxony,  works  at,  ii.  70. 

Kyan's  process  for  presening  timber,  i.  131-145 ;  Addenda, 
1-8;  proportions  of  the  solution,  note,  131;  Addenda,  8; 
various  opinions  in  favour  of  its  use,  134,  140,  143,  145; 
note,  137  ;  Addenda,  2,  3,  4  ;  expediency  of  its  adoption  in 
the  R.  E.  Department,  135;  Colonel  Harding's  Report  on  it, 
135,  140;  its  success  against  the  ravages  of  insects,  136; 
probability  of  its  preserving  bamboo,  ii.;  light  wood  for 
rafters  in  trojjical  climates,  ii. ;  laths,  note,  136 ;  value  of 
the  solution  in  the  Vest  Indies,  ii. ;  effects  of,  on  the  strength 
of  timber,  ii. ;  test  for  ascertaining  the  depth  of  its  penetra- 
tion, note,  137  ;  comparative  experiments  with  prepared  and 
unprepared  timber,  canvass,  &c.,  142-144 ;  Addenda,  2,  3, 
4 ;  effect  of,  upon  naUs,  Addenda,  2,  3 ;  Royal  Academy  of 
Medicine,  Paris,  Report  on.  Addenda,  5. 

Kyd,  J.,  Ship  Builder,  Calcutta,  Addenda,  i.  3. 

Labour,  comparative  value  of  convict  and  other,  iv.  136-197. 
Lacliuie  Canal,  Canada,  i.  83. 

description  of  the,  v.  169-171. 

tolls  collected  on  the,  v.  183. 

Laffaii,  Lieut.,  R.  E.,  on  the  model  towers  adopted  by  Napoleon, 

iii.  102-108. 
La  Hayc  Sainte,  its  possession  by  the  Germans  a  great  obstacle 

to  the  French  at  Vaterloo,  iii.  32. 
Lahn  at  Nassau,  suspension  bridge  over  the,  iii.  132. 
Lake  Eric  and  Montreal,  communication  between,  accomplished 

by  seven  channels,  i.  82. 
La  Merced  Fort,  at  Salamanca,  i.  5,  6. 
Landau,  in  Bavaria,  works  at,  ii.  58. 
Lander's  obscnations  on   painting  timber  when  exposed  to 

damp,  v.  281,  282. 
Landing  Wharf,  Hobbs'  Point,  Milford  Haven,  i.  106-120. 
Landings  on  river  banks,  fascines  useful  in  forming  foundations 

for,  vi.  217. 
Landmann,  Capt.,  R.  E.,  iii.  77. 
Lanncs,  General,  vi.  33. 
Larcom,  Capt.,  R.  E.,  his  Professional  Memoir  of  the  late  Capt. 

T.  Drummond,  4th  vol.  ix.-xxiv. 
Laredo,  town  of,  near  Santofia,  assault  of,  i.  20-26. 
Laths,  Kyanized,  durabiUty  of,  note,  i.  136. 
La«Tic,  Major,  79th  Regiment,  i.  13. 

Lead,  use  of,  a  remedy  for  preventing  damp  in  walls,  vii.  205. 
Lf-ary,  J.,  Royal  Nav^,  vi.  191. 

Leech,  Major,  Assistant  Political  Agent,  Shekaqioor,  iv.  94,  95. 
Lefeburc,  C,  Capt.,  R.  E.,  i.  122  ;  iii.  81. 
Lever  drawbridge,  with  the  counterpoise  under  the  road-way, 

v.  209. 
Lewis,  Capt.  Locke,  R.  E.,  ii.  200,  205. 

Colonel,  U.  E.,  i.  81 ;  iv.  110 ;  vii.  42. 

on  the  use  of  fascines  in  forming  foundations  to 

building!,  vi.  216-218.  • 


Lewis,  Colonel,  on  the  apjihcation  of  forts,  towers,  and  batteries, 
to  coast  defences  and  harljours,  vii.  1-9. 

Light,  Drummond's,  4th  vol.  xiii.  xiv.;  v.  36  ;  experiment  as 
to  its  adaptation  to  hghthouses,  4th  vol.  xvii. 

Lighthouse  at  Madras,  description  of  the  apparatus  and  ma- 
chinery employed  in  the,  v.  36-40,  44 ;  lantern,  v.  36  ; 
reflector  frame,  37;  reflectors,  ii.;  lamps  fitted  to  the  re- 
flectors, 38  ;  machincrv',  39,  note,  47. 

Lighthouses,  French  lenticular  apparatus  for,  v.  35 ;  Frcsnel's 
dioptric  zonal  apparatus,  35,  62,  63 ;  his  catadioptric  appa- 
ratus, 74,  78,  note,  64  ;  Drummond  light,  36 ;  general  prin- 
ciples of  illumination,  42—46 ;  English  fixed  lights,  42—44, 
59-61;  their  reflectors,  61,  62;  revolving  lights,  42—44; 
description  of  the  reciprocating  apparatus,  and  system  of  its 
movement,  46— 51;  description  of  the  method  of  cutting  the 
cams,  52-55  ;  new  system  of  fixed  lights,  56-77 ;  differences 
between  the  circumstances  attending  the  illumination  of  the 
coasts  of  India  and  those  of  Europe,  57,  58  ;  expense  of  the 
reciprocating  system,  58  ;  modification  of  the  common  means 
of  illuminatiou,  how  effected,  02-65  ;  ])eriscopic  reflectors, 
65  ;  comparisou  of  the  old  and  the  periscopic  reflectors,  70 ; 
comparative  efficiency  of  silver  and  brass  reflectors,  77 ; 
lamps  and  burners,  65,  66 ;  comparative  illuminating  power 
of  the  Argand  and  Smith's  lamps,  67  ;  latter  inferior  in  in- 
tensity, 67,  68 ;  but  superior  as  it  does  not  waste  the  light, 
68,  69  ;  supphnng  the  burner  of  a  lamp,  79  ;  self-supplying 
lamps,  ii.;  Parker's  Argjie  lamp,  80;  Marcell's,  ii.;  French 
hydrostatic,  80,  81;  its  defects,  82;  Hungarian  machine,  or 
1  Hero's  fountain  lamp,  ii.;  Captain  Smith's  hydro-pneumatic 
lamp,  83-89;  value  of  uniformity  in  the  distribution  and 
effect  of  the  illuminating  power,  71;  superiority  of  Smith's 
system  in  this  respect,  72 ;  proportiouing  the  power  to  the 
exigencies  of  situation  or  circumstances,  73 ;  construction  of 
new  dioptric  instruments,  74 ;  power  of  light  required  in 
India,  ii.;  fitting  up  instruments  for  a  complete  circle  of  the 
horizon,  75  ;  flag-staff  lantern,  ii.;  double  light  at  Masuli- 
jiatam,  76 ;  its  apparatus,  ii. ;  necesssity  for  a  free  circulation 
of  air  tlirough  the  Ughthouse,  77. 

Mitchell's  screw-pile  for,  vii.  94. 

Ligny,  town,  &c.,  on  the  heights  of  Sombref,  great  obstacle  to 
Napoleon  at  the  battle  of,  iii.  31. 

Lime,  cohesion  of  its  particles,  note,  i.  28 ;  Dorking  and  Hal- 
hng  slightly  liydraulic,  29 ;  expansion  of,  in  concrete,  pro- 
duced by  slaking,  28 ;  questions  respecting  it,  29 ;  and 
limestone  as  obtained  from  different  quarries  at  PIvTuouth, 
vii.  52-57. 

Line  divider  and  universal  scale,  new,  description  of,  and  mode 
of  using  it,  i.  70,  71. 

Lines  of  Torres  Vedras,  iii.  1-74  ;  causes  which  led  to  their 
formation,  1 ;  plan  decided  on,  2 ;  instructions  for  effecting 
it,  64  ;  objects  to  be  secured,  3;  how  obtained,  4  ;  defensive 
features  of  the  countrj',  and  description  of  the  works,  4-24  ; 
Fort  Julian,  2,  3,  9,  note,  3;  Mafra,  5;  Montnchique,  6; 
Bucellas,  7;  Serra  dc  Serves,  ib.;  principal  line  of  defence, 
8  ;  Lisbon,  9,  18  ;  supply  of  materials  and  stores,  9,  41,  67  ; 
country  divided  into  districts,  and  an  otliccr  of  engineers  ap- 
pointed  to  each,  16,  68 ;  instructions,  C9 ;  army  enters  the 
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Lines,  16;  its  distribution,  17  ;  Sobral,  18, 19  ;  position  of  the 
contending  armies,  21,  22;  Abrantcs,  ib.;  Peniche,  22;  AI- 
mada,  22,  23,  63 ;  retreat  of  the  French,  without  renewing 
their  efforts  to  force  the  Lines,  24 ;  of  what  they  consisted, 
25;  comparison  of  their  merits,  ib.;  extension  of  the  troops 
on  a  line  of  twenty-nine  miles,  20  ;  justificatory  reasons  for 
it,  ib. ;  upon  what  the  guarding  of  a  position  depends,  69 ; 
from  whence  the  Lines  derived  their  strength  and  value,  27; 
use  of  the  redoubts,  ib.;  application  of  the  artificial  defences 
of  the  Lines,  28  ;  their  capabilities,  ib.;  upon  what  depended 
their  success,  id.;  workmen,  39;  superinteudence,  40 ;  mode 
of  payment,  ib. ;  trace  of  the  works,  ii. ;  interior  and  other 
defences,  43 ;  situations  of  the  works,  44  ;  profiles,  45  ;  stores 
and  provisions,  48 ;  magazines,  platforms,  palisades,  ib. ; 
barriers,  49  ;  abattis,  id. ;  trous-de-Ioup,  50 ;  artillen-,  ib. ; 
calculations  of  garrisons,  51 ;  scarps,  52 ;  roads  and  commu- 
nications, 53 ;  telegraphs,  ib. ;  ground,  how  obtained,  ii. ; 
conduct  of  the  Portuguese,  54 ;  total  of  retrenchments  and 
garrisons,  ib. ;  expense  of  the  Lines,  55  ;  pubhc  mention  made 
of  them,  ib. ;  details  of  the  works  composing  them,  56-62 ; 
Alhandra,  71-74. 

Lines  and  retrenched  positions  generally,  iii.  29-39. 

Lintz,  works  at,  ii.  63-68. 

Maximilian  tower  at,  description  of  its  construction,  ii. 

63 ;  degree  of  resistance  of  which  it  is  susceptible,  67. 

intrenched  camp  at,  ii.  66 ;  iii.  196-198. 

flying  bridge  at,  vii.  50,  51. 

Lisbon,  Lines  of  Torres  Vedras  to  cover,  iii.  1-74  ;  relative  posi- 
tion of,  9 ;  defence  of,  18. 

Llorente,  Colonel  Don  Juan  Jose,  i.  23. 

Loading  in  blasting  rock,  iv.  48-51. 

Locks  and  dams,  Rideau  Canal,  i.  76,  77,  81,  98-101;  iii.  133- 
136. 

St.  Lawrence  Canal,  v.  175-177  ;  lock-gates  of  the,  177- 

181. 

Locomotive  engine  and  tender,  connecting  them  to  the  train  by 

means  of  a  safety  box,  iv.  202,  203. 
Lodging  troops  in  fortresses  at  their  alarm  posts,  iv.  106-108. 
Longhiirst,  Serjeant,  E.  I.  C.  Sappers  and  Miners,  v.  29. 
Long  Island,  Rideau  Canal,  works  at,  i.  87 ;  iv.  131-135. 
Lucca,  in  Jamaica,  barracks  at,  ii.  247. 
Luxembourg,  in  France,  ii.  58. 
Luxmoore,  Capt.,  R.  £.,  on  groins  used  on  the  coast  of  Sussex, 

i.  48-51. 
LyeU's  Geology,  quoted,  ii.  129, 133, 149, 198,  209. 
Lyons,  intrenched  camp  at,  v.  3-5. 

Macaulet,  Capt.,  R.  E.,  i.  60 ;  ii.  22,  75. 
McLeod,  Lieut.,  R.  E.,  i.  122. 

Lieut.,  E.  1.  C.  Engineers,  iv.  96. 

Madras  lighthouse,  description  of  the  apparatus  and  machinery 
employed  in  the,  v.  34—10,  44;  new  lantern,  36;  reflector 
frame,  37  ;  reflectors,  ii. ;  lamps  fitted  to  the  reflectors,  38  ; 
machinery,  39,  note,  47. 

Mafra,  pass  of,  iii.  5. 

Magazines,  large,  use  of  concrete  in  the  construction  of,  not 
recommended,  i.  34,  42. 


Magazines,  small,  concrete  useful  in  their  construction,  i.  34. 
42. 

Magdeburg,  in  the  Prussian  Rhenish  Provinces,  ii.  69. 

MagilUgan,  instruments  for  the  measurement  of  the  base  of. 
4th  vol.  XVI. 

Magnetic  needle,  effect  of  electricity  upon  it,  during  hurricanes, 
ii.  198. 

Maitlaud's  Rapids,  Rideau  Canal,  works  at,  i.  90. 

Malplaquet,  in  1804,  value  of  retrenchments  at,  iii.  35. 

Malta,  mode  of  building  houses  in,  v.  190-205. 

experiments  made  with  a  shot  furnace  at,  \i.  204-208. 

Maps  and  plans,  new  description  of  paper  for  drawing,  v.  283- 
285. 

MarccU's  lamp,  v.  80. 

March,  Serjeant,  U.  S.  M.,  vii.  65. 

Marescot,  on  charges  of  military  mines,  ii.  21,  22. 

Marshall,  Major,  R.  E.,  on  the  demolition  of  Fort  Schulemhurg, 
Vido,  ii.  30-32. 

Massena,  Marshal,  iii.  21. 

Masonn-,  defective  joints  of,  stopped  by  the  injection  of  cement, 
or  hydraulic  lime,  iv.  208,  209. 

MasuUpatam,  double  light  at  the  port  of,  v.  76. 

Matagorda,  near  Cadiz,  iii.  78-81,  99. 

Ma.\imilian  tower  at  Lintz,  ii.  63-67. 

May,  Sir  John,  on  Kyan's  solution,  i.  134  ;  Addenda,  4. 

Mayence,  works  at,  ii.  55-57. 

Mechanical  ventilation,  vi.  169-171. 

Meinecke,  Lieut.,  K.  G.  L.  (Torres  Vedras),  iii.  12, 15. 

Melhuish,  Capt.,  R.  E.,  on  the  demolition  of  the  Glaciere  Bas- 
tion at  Quebec,  ii.  27-29. 

Merlons,  concrete  useful  in  the  re-establishment  of,  under  an 
enemy's  fire,  i.  34. 

Merrick's  MUls,  Rideau  Canal,  i.  89. 

Mesgrigny  and  La  ilotte,  their  experiments  on  military  mining, 
ii.  22-26. 

Meteorological  observations,  instructions  for  making  and  regis- 
tering, ii.  214-232;  importance  of  the  subject,  215;  recom- 
mendations and  precautions,  217;  times  of  obser\-ation  and 
registry,  218-220 ;  temperature  of  the  sea,  225  ;  points  most 
important  to  be  obser\ed  regarding  the  wind,  227;  state  of 
the  sky,  clouds,  228  ;  thunder  and  lightning,  electric  state  of 
the  air,  229 ;  shooting  stars  and  luminous  meteors,  229 ; 
tides,  231. 

instruments,  barometer  and  its  attached  ther- 

mometer.  ii.  220-222;  external  thermometer,  223;  self- 
registering  thermometer,  223,  224  ;  thermometers  buried  in 
the  ground,  224  ;  hygrometer  and  rain  gauge,  225,  226. 

Mctz,  experiments  at,  to  form  breaches,  ii.  40^4. 

Michigan  Lake  to  the  Mississippi,  steam  communication  between, 
V.  192, 193. 

Miers,  Mr.  John,  on  the  roiJC-niaking  machines,  &c.,  in  Dcjit- 
ford  Dockyard,  v.  233-205. 

Milford  Haven,  wharf  at,  i.  106-120.     {See  Nobis'  Point.) 

Military  prisons,  vii.  30-32. 

Mines  fur  demolition  of  Glaciere  Bastion  at  Quebec,  ii.  27- 


Fort  Schulcmburg,  Vido,  ii.  30-32. 
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Mines  for  demolition  of  the  great  basin  at  Flushing,  in  1809, 
u.  33-35. 

charges  of,  ii.  19-26.     {See  Charges.) 

ventilation  of,  vii.  22-24. 

Miners,  errors  of,  in  blasting  rock,  iv.  27-31. 
Mitchell's  screw-pile  for  lighthouses,  viL  94. 
Model  towers  adopted  by  Napoleon,  description  of  them,  iii. 

102-108. 

Prison,  London,  Artesian  well  at  the,  t.  270-280. 

system  of  ventilation  at,  vii.  22-26. 

temperature  in  the  cells  of  the,  vii.  29 ; 

fuel  consumed  in  wanning  them,  note,  28. 
Monte  .\graca,  iii.  10,  16, 17,  42. 
Montreal  and  Kingston,  navigation  of  the  Ottawa  and  Rideau 

between,  i.  81,  83. 
and  Lake  Erie,  water  communication  between,  i.  82 ; 

v.  140-193 ;  its  importance  as  regards  the  trade  at  Montreal, 

144,  145,  186-193. 
Moore,  Mr.,  on  the  strength  of  various  woods,  v.  119-121. 
Moorhouse,  Capt.,  13th  Regiment,  vi.  15. 
Morris,  Mr.,  on  the  scoop  used  on  Railways  in  America,  vii. 

152,  153. 
Mortality  of  the  troops  in  tropical  climates,  ii.  233 ;  its  causes, 

233, 234  ;  lessened  at  Demerara  by  an  improved  construction 

of  barracks,  237. 
Mortar,  experiments  at  Bermuda,  on  the  strength  of,  iv.  162; 

bulk  of,  164. 

platforms,  fascines  useful  as  a  foundation  for,  vi.  217. 

Mountain  barometer,  i.  52-57. 

Mountains,  ascertaining  the  height  of,  by  means  of  boiling  water, 

iii.  169-176. 
Mulcaster,  Capt.,  R.E.  (Torres  Vedras),  iii.  11. 

Napier,  Mr.,  inventor  of  the  machinery  for  manufacturing  bul- 
lets by  compression,  v.  219-222. 

Naples,  expedition  to,  in  1805,  state  of  the  Engineer  Depart- 
ment with,  ii.  13. 

Naval  Victualling  Establishment  at  Devonport,  iv.  198-200; 
dimensions  of  iron-work  of  roofs  to  the,  201. 

Neapolitan  pontoons,  copper,  KejK>rt  on  by  Major-Gen.  Pasley, 
R.E.,  i.  122-126. 

Nelson,  Capt.,  R.  E. 

Report  on  Beaufort  Bridge,  iii.  121-131. 

on  a  suspension  bridge  over  the  Lahn  at  Nassau,  iii. 

132. 

on  a  foot  bridge  in  Germany,  built  with  Prussian  beams, 

iii.  142,  143. 

on  swing  or  firing  bridges,  vii.  48-51. 

on  the  mode  of  bending  timber  in  Prussia,  iii.  139- 

143. 

on  shot  furnaces,  iv.  1 2-22. 

on  engineer  details,  relative  to  the  comparative  values 

nf  convict  and  other  lalwur,  iv.  136-197. 

on  the  New  Victualhng  Yard  at  Devonport,  iv.  198- 

200. 

on  the  last  150  miles  of  the  Great  Fish  River,  S.  Africa, 

V.  7-15. 


Nelson,  Capt.,  R.  E.,  on  various  sorts  of  timber,  v.  91-121. 

ou  transition  lime  and  limestone,  as  obtained  at  Ply- 
mouth, vii.  52-57. 

liis  project  for  sea  defences,  vii.  6,  7. 

Netherlands,  method  adopted  in  the,  for  preventing  the  encroach- 
ment of  the  sea,  ii.  134,  135. 

New  Orleans,  commercial  intercourse  with,  v.  144. 

New  York,  commercial  intercourse  with,  v.  144. 

Nicholson's  Rapids,  Rideau  Canal,  works  at,  i.  88-100. 

Nicolls,  Colonel,  Commanding  Royal  Engineer,  Canada,  in  1815, 
i.  74. 

Major-Gencral,  v.  156. 

Night  assaults,  disadvantages  of,  i.  16. 

Noizet,  Capt.  F.,  on  contouring,  ii.  75,  81. 

Notes  from  Jones's  Sieges,  ii.  11-18,  48,  49. 

Observ.\tory  at  Chatham  for  the  Officers  of  Engineers,  de- 
scription of,  vii.  64-66 ;  instruments  in  it,  66-68. 

Oil-paint  on  the  outside  of  houses,  injurious,  vii.  208. 

Oldershaw,  Capt.,  R.  E.,  on  the  bridge  at  Paradenia,  in  Ceylon, 
iii.  154-157. 

Oldficld,  Licut.-Colonel,  R.E.,  iv.  113;  vi.  63. 

Major,  Royal  Marines,  ^i.  29. 

Oldham,  Mr.,  ri.  170,  172. 

Old  Sly's  Rapids,  Rideau  Canal,  works  at,  i.  91. 

OUvenja,  intrencliing  tools  used  at  the  siege  of,  ii.  17. 

Ontario  Lake,  connected  to  Lake  Erie  by  the  Welland  Canal,  v. 
149,  152-156. 

connected  to  the  Ottawa  by  the  Rideau  Canal, 

i.  82. 

Ord,  Major,  R.  E.,  on  ascertaining  the  heights  of  mountains  by 
means  of  boiUng  water,  iii.  169-176. 

Ordnance,  brass,  disadvantages  of,  note,  iii.  84. 

Orr,  Lieut.,  .Assistant  Engineer,  E.  I.  C,  vi.  16. 

O'Shaughnessy,  Professor,  v.  23,  25,  31. 

Ottawa  River,  its  importance  in  securing  the  communication 
between  the  Canadas,  i.  73 ;  bridges  accross  the,  connecting 
the  provinces,  77;  iii.  158-163;  its  narigation,  i.  81,  83; 
connected  to  Lake  Ontario  by  the  Rideau  Canal,  82. 

■ Canals,  i.  83;  v.  157,  182. 

Oxy hydrogen  light,  v.  36. 

Painting  at  Algoa  Bay,  prices  used  in  the  estimates  for,  iv. 
196,  197. 

timber,  when  exposed  to  damp,  injurious,  v.  281,  282. 

Paintings  on  walls  or  ceilings,  means  of  preserving  them  from 
damp,  vii.  209-215. 

Palisel,  Mount,  field  works  thrown  upon,  note,  iii.  200. 

Palmetto  leaves,  preferable  to  shingle  or  slate  for  roofs  in  tropi- 
cal cHmates,  i.  136  ;  note,  ii.  236. 

Pambour's  Work  on  Locomotive  Engines,  quoted,  vii.  100,  119. 

Paper,  new  description  of,  for  copying  maps  and  plans,  v.  283- 
285. 

Paradenia,  in  Ceylon,  description  of  the  bridge  at,  iii.  154-157. 

Parapets,  concrete  useful  in  the  construction  of,  i.  34,  42. 

Paris  road,  near  Toulon,  how  fortified,  ii.  4. 

lost  in  1814  from  insufficient  fortification,  note,  iii.  28. 
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Parker,  Ensign,  13th  Regiment,  vi.  16. 

Parker's  Argyle  laiup,  v.  80. 

Pasley,  Major-Gencral,  R.  E.,  ii.   7,  20-22,  36;  iii.  110,  111; 

iv.  1,  36,  56,  60,  01  ;  4tli  vol.  xii. ;  v.  25,  30,  note,  260; 

vii.  34,  36,  37,  67,  61),  15S,  200,  201. 

on  the  Neapolitan  pontoons,  i.  122-126. 

on   Capt.   SantUiaui's  mode  of  curing  or  improving 

smoky  clumneys,  with  remarks  on   Rumford's  system,  ii. 

251-262. 

on  the  strength  of  concrete,  ii.  263,  264. 

Passage  of  the  GarigHano,  Naples,  in  1805,  i.  122-126. 

Garonne,  in  1814,  i.  123,  note,  124. 

Guadiana,  in  1811,  i.  123. 

Indus,  by  bridges  of  boats  or  zoraks,  iv.  92-105. 

Passau,  in  Bavaria,  ii.  60. 

Patton,  Capt.,  R.  E.,  iii.  22. 

Paving  stables  at  Brighton,  ii.  271,  272;  iii.  182,  183. 

Yorkshire,  etTeets  of  climate  on,  iii.  180,  181. 

Peat,  Capt.,  E.  I.  C.  Engineers,  at  Ghuznee,  iv.  5. 
Peniche,  iii.  21. 

Pentonville  Prison,  system  of  ventilation  at,  vii.  22-26  ;  tem- 
perature in  the  cells,  29  ;  fuel  consumed  in  warming  them, 

note,  28. 
Perkins,  Mr.,  Chatham  Dockyard,  ii.  261. 
Perspective  drawings  from  plans  and  dimensions,  apparatus  for 

making,  i.  58-60. 

outlines  from  nature,  method  of  taking,  ii.  273,  274. 

Perspiration,  vi.  167. 

Perth,  Canada,  settlement  of,  i.  74,  79,  93,  94. 

Petitot,  Capt.,  on  the  horizontal  a.vis  of  a  self-acting  sluice 

gate,  i.  127-130. 
Pfaffeudorfer  height,  on  the  Rhine,  works  at,  ii.  52. 
Philadelphia,  commercial  intercourse  with,  v.  144. 
Philippeaux,  Colonel,  French  Artillery,  vi.  27,  note,  31. 
Phillpotts,  Lieut. -Colonel,  R.  E.,  his  Report  on  the  Canal  Navi- 
gation of  the  Canadas,  v.  140-193. 
Picket  towers,  vii.  5. 
Piers,  centres  of,  applicability  of  concrete  to  the  formation  of, 

doubtful,  i.  34. 
Pigou,  Lieut.,  E.  I.  C.  Engineers,  iv.  96. 
Pile-driving,  hooping  the  piles  in,  \i.  76. 

machines,  .\nierican,  description  of,  vi.  178-182. 

Dutch,  note,  vii.  191. 

Piles,  American  railroads  formed  on  a  foundation  of,  vi.  183- 

185. 
Pipe,  earthenware,  for  the  conveyance  of  water  under  a  heavy 

pressure,  iii.  186,  187. 
Piper,  Major,  R.  E.,  on  the  repairs  of  Brighton  chain  pier,  its 

construction  and  durabiUty,  ii.  122-127. 

Lieut.,  R.  E.  (Torres  Vedras),  iii.  12,  13. 

Pitts,  Lieut.,  R.  E.,  at  Burgos,  i.  ID. 
Plans,  contoured  and  defilade,  ii.  75-90. 

new  description  of  paper  for  copying,  v.  283-285. 

Plotting  surveys,  new  method  of,  i.  65-67. 

Plymouth,  transition  lime  and  limestone  obtained  from  different 

quarries  at,  vii.  52-57. 
Police  stations,  vii.  30-32. 


Polonceau's  plan  of  preventing  damp  in  walls  by  asphaltr,  vii. 

205-208. 
Poncelet's  drawbridge,  with  a  varying  counterpoise,  v.  215-217. 
Pontoons,  Neapolitan  bridge  of,  across  the  Garigliano,  Naples,  i. 

122-126. 
bridge  of,  across  the  Garonne,  i.  123,  note,  124. 

Guadiana,  i.  123. 

English  tin,  i.  122. 

of  the  small  open  rectangular  fonn,  not  efficient  for 

the  passage  of  rapid  rivers,  i.  123. 

Posen,  iii.  114;  situation  of  the  town  and  works,  114,  115; 
Fort  Viniari  and  its  immediate  defences,  110;  Schwartz 
thurm  and  redoubt,  117;  oval  tower  and  fliche,  ib. ;  Colonel 
Brcze's  system  of  fortification  employed  on  the  north  side  of 
Viniari,  ib. ;  planting  the  glacis,  119;  materials,  &c.,  of 
which  the  forts  are  built,  ib. ;  resistance  of  wliich  Posen  is 
capable,  ib. 

Potomac  aqueduct,  coffer-dam  for  pier  of  the,  iii.  144-153. 

Powder,  description  of  Caffin's  apparatus  for  drying,  iv.  23-26 ; 
for  blasting  rock,  40-46;  consumption  of  at  Bermuda  for 
blasting,  note,  152. 

Presenation  of  timber  from  drv-rot  by  Kyan's  process,  i.  131- 
145 ;  Addenda,  1-8. 

Press,  hydraulic,  for  proving  girders,  vi.  143-147. 

Principals  of  the  roof  at  the  Bricklayers'  Arms  Station,  vii. 
220,221. 

of  a  WTOught  iron  roof,  62  feet  4  inches  in  span,  vii. 

225,  226. 

Prinsep,  James,  Esq.,  ii.  211. 

Prismatic  compass,  i.  62-64. 

Prisons,  general  principles  of  the  construction  of,  vii.  10;  dis- 
position of  the  buildings,  11;  entrance,  ii. ;  central  hall, 
corridors,  and  wings,  12  ;  cell  buildings,  ib. ;  boundary  wall, 
ib. ;  governor  and  chaplain's  houses,  13  ;  officers'  houses,  ib. ; 
discipline — principles  of  the  silent  and  separate  systems,  Il- 
ls ;  details  of  construction  applicable  to  the  latter,  19-28  ; 
cells,  19;  windows  and  doors,  20;  exercising  yards,  ib.% 
chapel,  21 ;  ventilation  as  adopted  at  Pentonville  Prison,  22- 
26  ;  objects  to  be  attained  in  the  ventilation  of  a  jirison, 
24-26  ;  mode  of  warming  it,  26-28. 

Prittwitz,  Major  Von,  Russian  Engineers,  iii.  119,  120. 

Protractor,  circular,  i.  65. 

field,  i.  62. 

semicircular  for  plotting,  i.  66. 

Prout,  Dr.,  4th  vol.  xiii. 

Puntal,  fort  of,  taken  by  a  coup-de-main,  i.  22,  23. 

Puutales,  Fort,  near  Cadiz,  iii.  82. 

Pultawa,  value  of  earthen  redoubts  at,  iii.  30. 

Puzzolana  mortar,  its  use  in  repelling  the  progress  of  damp  in 
walls,  vii.  204. 

QuABRiKS,  management  of,  vii.  52-57. 

tools  used  in,  vii.  54. 

Quartering  troops  in  fortresses  at  their  alarm  posts,  iv.  lOC-108. 
Quebec,  experiments  in  blowing  in  gates  at,  vi.  63-60. 

demolition  of  the  Glacicre  Bastion  at,  by  mining,  ii. 

27-29. 
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Quebec  to  Lake  Erie,  water  communication  between,  t.  HO- 

193. 
importance  of,  as  regards  trade,  v.  U-l,   145,   184- 

193. 
Quick,  Mr.,  his  project  of  a  shot  furnace,  iv.  19. 

Rae,  Lance-Corporal,  R.  S.M.,  vi.  191. 

Railways, 

curves  of,  vii.  97-104;  principles  to  be  regarded  in 

regulating  them,  97  ;  their  effects,  98 ;  expedients  to  mitigate 
their  evils,  99, 100 ;  surplus  elevation  to  be  given  to  outward 
rails  in  the  curves,  101 ;  defects  of  the  expedients,  101, 102  ; 
difference  in  practice  of  engineers  in  adopting  curves,  102 ; 
several  railways  instanced,  102-104  ;  influence  of  cunes  on 
velocity,  104  ;  curves  at  termini  and  junctions,  ib. 

gradients  of,  vii.  104-123;  principles  to  be  regarded 

in  regulating  them,  104  ;  economy  in  respect  thereof,  and 
limits  of  their  inclination,  105-115;  their  pecuharities  on 
several  Unes  instanced,  116-118;  maxims  to  be  adhered  to 
in  their  adoption,  118,  119;  resistance  to  the  motions  of 
trains,  119-122;  its  cause,  123. 

gauge  of,  vii.  123-136;  ends  to  be  sought  in  deter- 
mining the,  124 ;  advantages  of  Brunei's  wide  gauge,  124- 
126  ;  Mr.  Wood's  objections  to  it,  12G-133  ;  Tredgold's  rule, 
133 ;  widths  of  gauges  in  use,  134. 

Tables  of  comparative  particulars  concerning  various, 


rii.  134-136. 

slopes,  vii.  136,  137. 

earth-works,  vii.  137-159;  examination  of  the  strata 


through  which  a  line  is  to  he  formed,  137,  138;  chalk  exca- 
vations, 138-140;  Ellsworth  excavation,  140-142;  earth- 
works on  the  Kingstown  and  Dalkey  Railway,  142;  North 
Midland  line,  ib. ;  Stockton  and  Hartlepool  line,  143  ;  Chat- 
moss,  on  the  Liverpool  and  Manchester  Une,  ib. ;  economical 
method  of  forming  embankments,  &c.,  where  stone  is  plenti- 
ful, 144;  mode  of  forming  cuttings  and  embankments,  on 
the  London  and  Birmingham  line,  145;  stability  of  earth- 
works, 146;  method  of  conducting  them — excavating,  147, 
148;  embanking,  148-150;  implements  employed,  I.'jO; 
waggons,  150-152;  the  scoop,  152;  the  plough,  153;  im- 
portance of  drainage,  ib. ;  details  of  various  brick  and  stone 
culverts,  154-156 ;  shps,  their  causes  and  remedies,  156-158  ; 
instances,  at  Swindon,  on  the  Cheltenham  and  Great  Western 
Railway,  157;  London  and  Croydon  line,  near  New  Cross, 
158;  Newton  Green,  on  the  Sbctbeld  and  Manchester,  ib.; 
Table  of  earth-works  of  several  lines,  159. 
American,  formed  on  a  foundation  of  piles,  vi.  183- 


185. 
Amsterdam  and  Utrecht,  description  of  the  fascine 

causeway  of  the,  vii.  197-199. 
London  and  Birmineliam,  difhcnllicsof,  at  KilshvTun- 


ncl,  ii.  93,  94. 


on  the,  at  Wccdon,  iii.  189-191. 


'  description  of  a  drawbridge 

Extension,  mode  of  repair- 
ing and  Buitaining  the  weatem  retaining  wall  of  the,  vii.  160- 
164. 


London  and  Brighton,  Report  on  four  proposed  lines 

between,  ii.  105-113. 
Manchester,  Cheshire  and  Staffordshire,  and  South 


Union,  Report  on,  ii.  91-102. 
Midland  Counties,  description  of  an  iron  bridge,  over 

the  Trent,  near  Sawley,  on  the,  iv.  223,  224. 

New  York  and  Erie,  vi.  184. 

South  Union,  and  the  Manchester  and  Cheshire  Junc- 


tion, Report  on,  ii.  102-105. 

Railway  Commission,  Irish,  objects  of,  and  difficulties  encoun- 
tered in  prosecuting  them,  4th  vol.  xxii.  xxiii. 

Rambaud,  General,  vi.  33. 

Ranger's  patent  concrete,  i.  30,  33,  note,  29  ;  ii.  264  ;  v.  224. 

artificial  stone,  note,  i.  46. 

Rarefaction,  ventilation  by,  vi.  108. 

Rastrick,  Mr.,  Engineer,  ii.  104. 

RaveUns,  advanced,  first  constructed  at  Alexandria,  ii.  57. 

Raynial,  M.,  iv.  208. 

Reciprocating  Ugbt  (Capt.  Smith's)  for  lighthouses,  v.  46-51. 

Redpath,  Mr.,  i.  95. 

Reflecting  level,  Burel's,  description  of,  ii.  267  ;  its  rectification, 
268  ;  spirit  level  compared  with  it,  269,  270. 

Reform  Club  House,  description  of  the  warming  and  ventilating 
apparatus  at,  vi.  174-177  ;  ventilating  action,  175  ;  warming 
action,  1 76 ;  defect  in  the  arrangement  of  the  flues,  note,  177. 

Regent's  Park  Canal,  description  of  the  suspension  bridge  over, 
vii.  58-fiO. 

Regiments  injured  by  forming  elite  companies  for  service  apart, 
i.  19. 

Reid,  Lieut.,  R.  E.  (Torres  Vedras),  iii.  12,  13,  15. 

Capt.,  R.  E.  (Algiers),  vi.  58. 

Lieut. -Colonel,  R.  E.,  i.  136;  4th  vol.  xii. ;  on  assaults, 

i.  r>-i9. 

on  the  attack  of  Fort  Laredo,  near  Santoua,  i.  20-26. 

on  concrete,  i.  27,  28. 

on  the  concrete  sea  wall  at  Brighton  and  its  groins,  i. 

4.3-4  7. 

on  the  failure  of  a  part  of  Brighton  chain  pier,  i.  103-105. 

on  the  destruction  of  stone  bridges  during  the  Peninsular 

war,  i.  148-150. 

on  the  compilation  of  an  Aide-Memoire  for  the  Royal 

Engineers,  i.  146, 147. 

on  intrenchments  as  supports  in  battle,  and  the  organiza- 
tion of  the  Royal  Engineers,  ii.  1-10. 

on  the  moving  of  the  shingle  of  the  beach  along  the 

coast,  ii.  128-133. 

on  hurricanes,  ii.  137-208. 

on  the  decomposition  of  iron  in  salt  water,  and  its  recon- 
struction in  a  mineral  fonn,  iii.  177-179. 

on  lodging  troops  in  fortresses  at  their  alarm  |)Osts,  iv. 

106-108. 

Rendel,  Mr.,  wooden  diving  bell  used  by,  in  the  erection  of 

Lary  Bridge,  near  Plymouth,  i.  120. 
Renwick,  Lieut.,  R.  E.,  ii.  247. 
Resin,  its  use  in  preparing  walls  to  preserve  paintin;;s  on  them 

from  damp,  vii.  212-214, 
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Respiration,  vi.  166. 

Retaining  walls,  best  form  of,  vii.  79-86. 

wall  of  the  Loudon  and  Binningham  line,  mode  of 

repairing  it,  vii.  100-164. 

Retrenched  positions,  observations  on,  iii.  29-39  ;  opinion  that 
an  army  receiving  battle  in  must  be  beaten,  exploded,  29 ; 
value  of  ticid  works,  30, 38  ;  apportioning  works  to  strengthen 
a  lieUi  of  battle,  30  ;  strengthening  troops  already  posted,  ib. ; 
natural  defences  turned  to  profit,  31,  32;  strcngtheuiug  the 
prominent  features  of  defensive  ground,  33  ;  long  systematic 
defensive  lines,  34  ;  retrenched  camps,  35  ;  isolated  and  un- 
supported field  positions,  ib. ;  retrenchments  formed  of  en- 
closed and  isolated  works,  36;  proportions  of  the  garrisons 
of  detached  works  and  the  army  they  cover,  37;  length  of 
front,  along  which  works  may  extend  for  given  numbers  of 
men,  ib. ;  reasons  why  the  Lines  of  Torres  Vedras  should  not 
be  copied  in  future  operations,  ib. ;  value  of  a  few  works 
judiciously  disposed,  38 ;  Napoleon's  opinion  of  retrench- 
ments, as  exemplified  at  Santon,  note,  38 ;  .Mount  Palisel, 
note,  200. 

Reverberator)-  furnace  for  heating  shot,  iii.  112 ;  iv.  12. 

Revetments,  retaining  walls,  &c.,  concrete  useful  for,  ii.  266. 

experiments  on  the  pressure  of  earth  against,  vii. 

69-86;  apparatus  employed,  71-74. 

best  form  for  constructing,  vii.  79-86. 

Revolring  lights,  v.  42—14. 

Richardson,  Mr.,  conductor  with  the  .\rmy  of  the  Indus,  vi.  2,3, 8. 

Richmond,  Canada,  settlement  of,  i.  74. 

United  States,  commercial  intercourse  with,  v.  144. 

Rhine,  fortifications  on  the  banks  of  the,  ii.  51-CO. 

Rideau  Canal,  causes  which  led  to  its  construction,  i.  73 ;  v. 
157;  size  and  construction  of  the  locks,  gates,  &c.,  and  dams, 
i.  76,  77, 98-101 ;  ii.  114-121 ;  iii.  133-138 ;  iv.  131-135 ;  pre- 
liminary arrangements  and  commencement  of  the  work,  i.  77; 
advantages  obtained  by  the  use  of  locks  and  dams,  81;  com- 
mittee to  examine  details  of  the,  ib. ;  state  of  the  work  in 
1828,  I'A. ;  length  of  the  Une,  ib.;  description  of  the  works 
along  the  entire  line — first  eight  locks  at  the  entrance  from 
the  Ottawa,  83 ;  Notch  of  the  Mountain,  84  ;  Dow's  Great 
Swamp,  85;  HartwcU's,  ib.;  Hog's  Back,  85;  ii.  114-120; 
Black  Rapids,  i.  86 :  Long  Island,  87;  iv.  131-135  ;  Burritt's 
Rapids,  i.  87;  Nicholson's  Rapids,  88;  Clowe's  Quany,  ib.; 
Merrick's  Mills,  89  ;  Maitland's  Rapids,  90 ;  Edraon's  Rapids, 
91;  Old  Sly's  Rapids,  ib. ;  Smith's  Falls,  92 ;  First  Rapids  on 
the  Rideau,  93 ;  The  Narrows,  94  ;  Chaffey's  .Mills,  95 ; 
Davis's  Mills,  ib.;  Jones's  Falls,  t«. ;  ii.  120, 121;  Brewer's 
Upper  Mills,  i.  96;  Lower  Mills,  97:  Kingston  Mills,  i*. ; 
prices  of  work  and  materials,  101 ;  rates  of  pay  to  mechanics, 
102 ;  expense  of  the  undertaking,  ib. ;  njode  of  grouting  the 
work,  iii.  134;  the  canal  useful  for  military,  hut  not  com- 
mercial, purposes,  v.  157;  tolls  collected  on  the,  182. 

Lake,  geograpliical  characteristics  of,  i.  79. 

River,  estimates  for  a  water  conveyance  by  the,  i.  75, 

76,  77;  geographical  characteristics  of,  77. 

Roberts,  Lieut.,  R.  E.  (Cadiz  in  1810j,  iii.  92. 

Rochester,  aqueduct  over  the  Gennessee  River  at,  destruction 
of  one  of  its  piers,  note,  ii.  119. 


Rodriguez,  Lieut.  Don  Eusehio,  at  Puntal,  i.  23. 

Rolling  bridge  at  Fort  Regent,  Jersey,  description  of,  iv.  216- 

218. 
Roof  of  the  chapel,  Royal  Artillery  Barracks,  Woolwich,  iv. 

219,  220. 

Bricklayers'  .\rms  Station,  experiments  upon  two 

of  its  principals,  vii.  220,  221. 

wrought   iron,   62  ft.  4  in.  in  span,  experiments  on  its 

principals,  vii.  225,  226. 
Roofs  of  small  houses  in  tropical  climates,  i.  136. 

iron,  description  of  several,  erected  within  these  last  few 

years,  vi.  211-215. 

Rope,  white,  prepared  and  unprepared  with  Kyau's  solution, 
experiments  with,  i.  142,  143. 

Ropes  and  Cables,  description  of  machinery  in  Deptford  Dock- 
yard for  making,  v.  241-265;  tarring  process,  241,  242; 
registering  process,  243-246;  rope-laying  machine,  246- 
250  ;  cordage  for  the  British  navy,  248  ;  cost,  250 ;  quantity 
consumed  in  the  Dockyards,  251;  quantity  which  the  ma- 
chines can  produce,  ib. ;  comparison  between  the  old  and  new- 
systems  of  the  cost  of  cordage  consumed  in  the  navy,  252  ; 
value  of  the  new-  system,  253 ;  principles  of  the  invention, 
253-256;  composition  of  cordage,  257;  comparative  merits 
of  the  strength  and  durability  of  rope  made  on  the  old  and 
new-  systems,  258-265.     {See  Hemp.) 

Ross,  Capt.,  R.E.  (Torres  Vedras),  iii.  11. 

Rotterdam,  houses  in,  founded  on  piles,  note,  vii.  191. 

Round  Down  Cliff,  demolition  and  removal  of,  by  blasting,  vi. 
188-203 ;  vii.  200-203  ;  the  cUff  itself,  \\.  188  ;  preliminary 
arrangements,  189-191;  description  of  Daniell's  batter)-,  191, 
192 ;  relative  merits  of  Daniell's  and  the  common  plate  bat- 
tery, 192  ;  adoption  of  the  latter.  193  ;  description  of  it,  ib. ; 
method  of  preparing  the  wires,  193,  194  ;  precautions  in  pre- 
paring cartridges,  194 ;  platinum  wire,  195 ;  testing  the 
goodness  of  the  cartridge,  &c.,  ib.;  galvanometer,  195, 196; 
preUminary  experiments,  196,  202,  203 ;  composition  and 
power  of  the  batteries,  197;  precautionary  practice  in  firing, 
ib.;  preparations  for  blasting,  198-200;  explosion,  200; 
ctfect,  201;  success,  201,  202;  firing  charges  simultaneously, 
vii.  201-203  ;  Mr.  Hodge's  machine  for  forming  simultaneous 
contact  of  several  distinct  wires,  202,  203. 

Royal  Engineers  {see  Engineer  Department),  hints  for  the  com- 
pilation of  an  jVide-Memoire  for  the  Corps  of,  i.  146. 

Russell,  Mr.  Scott,  note,  vu.  128. 

Rutherford's  self-registering  thermometer,  note,  ii.  232. 

Saar  Louis  and  Saar  Bruck,  in  France,  ii.  58. 
Safety  box  for  connecting  a  locomotive  engine  and  tender  to 
the  train,  description  of  a,  iv.  202,  203. 

fuse,  Bickford's,  iv.  52-55. 

Salamanca,  assault  of  Fort  Gaytano,  at,  i.  5-8. 

construction  and  (Kisition  of  Fort  La  Merced,  at,  i. 


5,6. 


intrenching  tools  used  in  the  sieges  at,  ii.  1 7. 


Salt  water,  effect  of,  U|)on  iron,  iii.  177-179. 

Salzburg,  in  Austria,  works  at,  ii.  61. 

Samuel  Enderbij,  ship,  built  aud  rigged  with  materials  saturated 


XX 
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with  Kyan's  solution,  note,  i.  134  ;  her  examination  on  return 
from  the  South  Sea  Fishery,  139 ;  state  of  the  vessel  and 
health  of  the  crew,  ib. ;  decayed  state  of  her  sails,  ib. ;  state 
of  the  rigging,  140. 
Sand,  employment  of,  for  foundations  in  marshy  or  soft  soil,  iv. 
210-215. 

and  gravel,  condensation  of,  when  formed  into  concrete, 

Tii.  222-224. 

shingle,  moving,  use  of  groins  respecting  the,  L  44, 

49 ;  cause  of  their  drifting,  note,  44  ;  likely  to  be  impedi- 
ments to  the  proposed  harbour  at  Hastings,  45 ;  important 
to  record  their  movements,  ib. 

Sanders,  Capt.,  E.  I.  C.  Engineers,  iv.  94,  95,  96. 

Sandham,  Capt.,  R.  E.,  on  the  coast  defences  in  Holland,  ii. 
134-136. 

his  mode  of  curing  or  improving  smoky  chimneys,  ii. 

255-259. 

San  Gaytano.  assault  of  the  fort  of,  L  5-8. 

Miguel,  at  Burgos,  assault  of,  i.  9-12. 

St.  Julian,  fort  of,  iii.  2,  3,  9 ;  its  jetties,  note,  3. 

—  Lawrence,  detail  of  the  Canadian  na\igation  by  the,  v.  158- 
169;  estimate  of  work  for  the  construction  of  one  of  the 
locks  on  the  St.  Lawrence  Canal,  172-174 ;  locks,  175-177  ; 
lock  gates,  177-181;  its  navigation  important  to  the  com- 
mercial interests  of  Canada,  187,  190,  192. 

—  Lucia,  barracks  at,  ii.  238. 

—  Nicholas'  Island,  Plymouth,  experiments  at,  with  a  shot 
furnace,  iv.  14-17. 

—  Sebastian,  intrenching  tools  used  at  the  siege  of,  ii.  17. 
Santon,  retrenchment  at,  urged  on  by  Xapoleon,  note,  iii.  38. 
SantoHa,  assaults  of  Forts  Laredo  and  Puntal,  at,  i.  21-25. 
Saragossa,  intrenching  tools  used  at  the  siege  of,  ii.  17. 
Savage,  Capt.,  R.  E.,  on  the  construction  of  the  lauding  wharf 

at  Milford  Haven,  i.  106-120. 
Saw  mills   and  hoisting    machinery  in   Chatham  Dockyard, 
description  of,  vi.  155-161. 

mill  used  in  America,  description  of,  vi.  161,  162. 

Scholl,  General  Von,  Austrian  Engineers,  ii.  56 ;  v.  6. 
School  at  Chatham  for  military  instruction,  i.  146:  ii.  8,  9. 
Schultz,  Colonel,  Polish  Engineers,  vi.  54. 

Scoop,  an  instrument  used  in  earth-works  on  railways,  vii.  152. 

Scott,  Ensign,  13th  Regiment,  vi.  16. 

Lieut.,  R.  E.,  vii.  56. 

Screw-i)ile,  Mitchell's,  for  lighthouses,  vii.  94. 

Screws  used  in  Canada  for  raising  buildings,  vi.  186,  187. 

Sea,  effects  of,  on  coast  defences,  i.  44,  note,  51. 

defences,  principles  for  the  construction  of,  vi.  59,  60.  (See 

OjQtt  Defence).) 

encroachment  of  the,  along  the  southern  coast  of  England, 

i.  44  ;  prevented  by  groins,  48. 

remarkable  action  of  the,  at  Ascension  and  Tristan  d'.Xcufia, 

iv.  122. 

wall  at  Brighton,  built  of  concrete,  i.  43-47  ;  groins  to  pro- 
tect it,  44. 

at  Haslar  Beach,  reconstruction  of,  vi.  67-76. 

walls,  advantages  of  building  them  with  a  circular  instead 

of  rustic  foot,  ii.  135,  136. 


Sea,  temperature  of  the,  ii.  225. 

Seasoning  of  timber  by  Kyan's  solution,  Addenda,  i.  3. 

Seaton,  Capt.,  35th  Native  Infantry,  vi.  17. 

Select  Committee,  Report  of,  on  the  eifect  of  artillery  on  the 
concrete  casemate  at  Woolwich,  i.  38-41. 

Self-acting  sluice,  problem  to  accomplish  a,  i.  127. 

Semicircular  protractor  for  plotting  siffveys,  i.  66. 

Serra  de  Serves,  works  on  the,  iii.  1. 

Shafts,  sinking  of,  iv.  83,  84  ;  mode  of  lighting  trains  in,  56, 
57. 

Shambles,  probably  formed  by  the  action  of  the  tides,  ii.  129. 

Sheemess,  demolition  of  some  old  works  at,  iii.  109-111. 

Shingle,  moving  of,  along  the  coast,  ii.  128-133. 

wearing  action  of,  upon  stone,  vi.  69. 

passage  of,  prevented  by  rough  stones  strewn  on  the 

beach  as  groins,  vi.  71. 

Ships,  dry-rot  in.  Addenda,  i.  5  ;  saving  of  expense  to  Govern- 
ment if  prevented,  6. 

estimate  of  building  and  repairing  of,  from  1800  to  1820, 

Addenda,  i.  6. 

Shirreff,  Capt.,  R.  N.,  v.  265. 

Shoals,  movements  of,  i.  45. 

Shot  furnaces,  iii.  112 ;  iv.  12-22  ;  vi.  204-208.  {See  Furnaces.) 

Siege  of  Algiers,  wall-pieces  used  by  the  French  at,  note,  i.  26. 

Sieges,  assaults  at,  the  most  difficult  and  important  operations. 


-in  Spain,  intrenching  tools  used  in  the  late,  ii.  17. 
-of  .\cre,  early,  vi.  19-21 ;  by  Buonaparte  in  1799,  21- 


38  ;  by  Ibrahim  Pacha,  39-45. 
Signals  used  by  workmen  in  the  diving  bells  at  Milford  Haven, 

i.  115. 
Simmons,  Lieut.,  R.  E.,  his  Report  of  an  experiment  in  blowing 

in  gates  at  Quebec,  vi.  64-66. 
Simons,  Mr.,  C.  E.,  vii.  165. 
Sinclair,  Lieut.,  13th  Light  Infantry,  vi.  15. 
Skelton,  John,  Private,  R.  S.  M.,  note,  vii.  38. 
Sketch-book,  Hewlett's,  description  and  use  of,  i.  62-64. 
Sketching,  eye,  inaccuracy  of,  ii.  274. 
Sky,  state  of  the,  directions  for  observing,  ii.  228. 
Slips  on  railways,  their  causes  and  remedies,  vii.  156-158. 
Slopes  of  railways,  \Ti.  136,  137. 
Sluice  gate,  self-acting,  horizontal  axis  of,  i.  127-130. 
Sluices,  sluice  gates,  and  machinery,  Rideau  Canal,  iii.  136-138. 
Smirke,  Sir  R.,  his  opinion  on  Kyan's  solution,  .\ddcnda,  i.  2. 
Smith,  Colonel  Sir  James  C,  i.  76 ;  vii.  6. 

Colonel  Sir  Charles  F.,   his  plans  for  barracks  in  the 

West  Indies,  ii.  239-243. 

Lieut.-Colonel  Sir  Frederic,  vii.  69,  103,  158. 

Capt.  J.  T.,  E.  I.  C.  Engineers,  on  the  Madras  lighthouse, 

V.  34-40. 

on  the  method  of  illuminating  hghthouses  with  a  reci- 
procating hght,  V.  41-55. 

on  a  new  system  of  fixed  lights,  v.  56-77. 

on  a  new  hydro-pneumatic  lamp,  v.  78-89. 

Lieut.  R.  B.,  E.  l.C.  Engineers,  v.  23,  26,  29,  31. 

Thomas,  Private,  R.  S.  M.,  \\.  191. 

Smith's  Falls,  Rideau  Canal,  works  at,  i.  92. 
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Smytli,  Capt.,  R.  E.,  on  the  construction  of  barracks  in  tropical 

cliinates,  ii.  233-238. 

on  various  woods  of  British  Guiana,  t.  122-I2G. 

Sobral,  iii.  18,  19. 

Soult,  Marshal,  his  questions  on  artillerj-,  ii.  38. 

Sousa,  Lieut.,  Portuguese  Ser\ice  (Torres  Vedras),  iii.  12. 

Spain,  carriage  of  stores,  &c.,  by  mules  in,  during  the  last  war, 

ii.  13. 
comparison  of  the  breaches  of  several  of  the  besieged 

fortresses  in,  ii.  49. 
Spencer,  Earl,  4th  vol.  xxi. 
Mr.  G.,  on  comliining  mechanical  ventilation  with 

warming  by  steam  heat,  vi.  165-177. 
on  steam  pile-driving  machines,  vl.  178-182. 


Spinning  hemp,  description  of  machinery  in  Deptford  Dockyard 
for,  V.  233-241. 

Spirit  level  compared  with  the  reflecting  level,  ii.  269-270. 

Squire,  Capt.,  R.  E.  (Torres  \edras),  iii.  11. 

Stables,  mode  of  paving  at  Brighton,  ii.  271,  272  j  iii.  182, 183. 

Stack,  Major,  21th  Regiment,  ii.  232. 

Stage  and  carriage  used  in  connection  with  diving  bells,  descrip- 
tion of,  i.  110,  111. 

Stanway,  Lieut.,  R.  E.  (Torres  Vedras),  iii.  11,  12,  15. 

Stars,  shooting,  and  luminous  meteors,  ii.  229. 

Station  pointer,  i.  68,  69. 

Staveley,  T.  R.,  Esq.,  late  R.  E.,  on  Posen,  iii.  114-120. 

on  Lintz,  iii.  196-199. 

on  Brixen  and  Verona,  iv.  7-11. 

on  Genoa  and  Lyons,  v.  1-5. 

Steam,  elastic  force  of,  iii.  169. 

engines,  cost  of  their  cmplo>Tnent  in  draining  low  lands, 

vii.  181,  182,  185. 

pile-driving  machines,  description  of,  vi.  178-182. 

apparatus  for  drying  gunpowder.description  of,  iv.  23-26. 

Stephenson,  Mr.  G.,  vii.  143. 

Mr.  R.,  vii.  102,  115,  161. 

Stewart,  Chas.  B.,  Esq.,  on  the  New  York  and  Erie  Railroad, 

vi.  184. 
Storehouses  in  Chatham  Dockyard,  underpinning  of,  with  con- 
crete, i.  30,  32. 
Storms  (see  Hurricanes). 
Streatfield,  Capt.,  R.  E.,  on  paving  stables  at  Brighton,  iii.  182, 

183. 
Streider,  General,  ii.  60. 

Sturt,  Lieut.,  E.  I.C.  Engineers,  iv.  4,  5,  94,  96,  97,  98. 
Subaqueous  operations  against  the  Arethuaa  at  Barbadoes,  ii. 

36,  37 ;  against  the  Equitable  in  India,  v.  16-29. 
— ^— — ^—  explosions,  conducting  power  of  water,  as  applied 

to,  by  voltaic  electricity,  vii.  33-4 1 ;  mode  of  firing  charges 

by  a  single  wire,  41. 
Sump-fuse,  iv.  54. 

Surrey,  new  method  of  plotting  a,  i.  65-67. 
Suspension  bridge,  over  the  Lahn  at  Nassau,  iii.  132. 
— . Canal  in  Regent's  Park,  description 

of,  vii.  58-60. 
—^——^—  bridges,  utility  of  guide  or  check  chains,  in  counter- 


Sussex,  groins  used  on  the  coast  of,  i.  48-51. 

Sutledge,  Ferozcpoor,  bridge  over  the,  iv.  93. 

Swift,  Capt.,  TojjOgraphical  Engineers,  U.  S.  Anny,  on  the  con- 
struction of  an  iron  beacon  at  Black  Rock,  Connecticut,  vii. 
89-95. 

Swing  bridge,  erected  over  the  Grenville  Canal,  Canada,  vi.  163, 
164. 

at  Bonn,  on  the  Rhine,  vii.  48-50. 

Lintz,  on  the  Rhine,  vii.  50,  51. 

Sykes,  Lieut.-Colonel,  on  the  use  of  common  thermometers  to 

determine  heights,  iii.  174. 
Sj-monds,  Lieut.,  R.  E.,  vi.  54. 
Syria,  coast  defences  of,  St.  Jean  d'Acre,  vi.  19-62 ;  El  Arisch, 

note,  22  ;  Gaza,  note,  23 ;  Ascalon,  note,  ib. ;  Jaffa,  note,  25  ; 

Caiffa,  26 ;  Jerusalem,  vii.  46,  47. 

Tait,  Capt.,  R.E.,  note,  ii.  153. 

Tamping  in  blasting  rock,  iv.  51,  58-77. 

Tank  for  preserving  timber  by  Kyan's  process,  i.  131,  132,  142, 
notes,  131,  133,  Addenda,  8. 

Tapp,  Lieut.,  R.E.  (Torres  Vedras),  iii.  12,  13. 

Taylor,  ilr.,  method  adopted  by  him  for  underpinning  store- 
houses in  Chatham  Dockyard,  i.  30. 

Temperature  of  the  sea,  ii.  225. 

Lower  Canada,  ii.  232. 

the  cells  at  Pentonville  Prison,  vii.  29. 

Terry,  Charles,  Secretary  to  Anti-dry-rot  Company,  i.  142, 
144. 

Theodolite,  its  use  among  private  surveyors,  i.  66. 

Thermometer,  external,  ii.  223. 

self-registering,  ii.  223,  224. 

Thermometers,  biuied  in  the  ground,  ii.  224. 

their  use  in  determining  heights,  iii.  1 70-1 76. 

Thompson,  Beilby,  Esq.,  on  dry-rot  in  ships,  Addenda,  i.  5. 
Thomson,  Lieut.,  R.E.  (Torres  Vedras),  iii.  11,  12. 
R.,  Lieut.-Colonel,  R.  E.,  on  a  furnace  for  heating  shot , 


iii.  112,  113. 


■  on   the    failure    of  a   floor   in    Edinbm-gh,  vii. 
•  on  the  condensation  of  sand  and  gravel  when 


made  into  concrete,  vii.  222-224. 
Capt.  George,  E.  I.  C.  Engineers,  ri.  1, 


acting  the  lateral  pressure  of  the  wind,  ii.  126. 


9;  on  the 
engineer  operations  for  the  taking  of  Ghuznee,  iv.  1-6. 

.  his  journal  of  the  construction  of  the  bridge  for  the 

passage  of  the  Indus,  iv.  97-103. 

Thunder  and  lightning,  directions  for  observing,  ii.  229. 

Tiberias,  battle  of,  note,  vi.  19. 

Tides,  their  observation  important,  ii.  231. 

and  waves,  their  action  and  effects,  different,  ii.  129. 

Timber,  preservation  of,  by  Kyan's  process,  i.  131-145;  Ad- 
denda, 1-8. 

importance  of  recording  observations  respecting,  v.  124. 

remarkable  fact  with  regard  to  the  season  of  felling,  in 

Guiana,  v.  125. 

destruction  of  British  timber   by  insects  in  tropical 

climates,  v.  125,  126. 

remarks  on  the  quaUties  of,  v.  112-118,  122-124. 
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Timber,  experiments  on  the  transverse  strengths  of  various  sorts 
of,  by  Lieut.  Nelson,  R.E.,  v.  93-100;  deflections,  note,  92. 

Capt.  Young,  R.  E.,  v.  109-111 ;  misproportioned  re- 
sults by  using  small  scantling,  108. 

Mr.  Moore,  v.  120,  121. 

Lieut.   Denison,   R.  E.,   v.  129-137 ;    mode    of  con- 

ducting  the  e.vperiments,  127;  position  of  the  neutral  axis, 
128. 

Mr.  Fineham,  Master  Shipwright,  Chatham  Dockyard, 

V.  139. 

abstract  of  results  of  the  above-quoted  experiments,  v. 

138. 

experiments    by   Lieut.  Nelson,  on    direct   cohesive 

strength,  v.  101-107  ;  apparatus  employed,  101. 

Tool  racks,  vi.  9. 

Tools,  intrenching,  ii.  7,  11-16,  17. 

working  dravrings  of,  recommended  for  insertion  in  Pro- 
fessional Papers,  iii.  113. 

used  in  connection  with  diring  bells,  description  of,  i. 

113. 

quarrying,  vii.  54. 

earth-works  on  railways,  vii.  150-153. 

and  stores,  with  the  .Vrmy  of  the  Indus,  \i.  1-11. 

TordesUlas,  bridge  of,  on  the  Douro,  mode  of  destroying  one  of 
its  arches,  i.  149. 

Torgau,  in  the  Prussian  Rhenish  Provinces,  ii.  69. 

Torre  Gorda,  tower  of,  near  Cadiz,  iii.  95. 

Torres  Vcdras,  Lines  of,  to  cover  Lisbon,  iii.  1-74.  (See  Linet  of 
Torres  Vedras.) 

Tortosa,  intrenching  tools  used  at  the  siege  of,  ii.  17. 

Toulouse,  danger  of  the  army  near,  by  the  desti-uction  of  the 
)>ontoon  bridge  across  the  Garonne,  i.  124. 

Towers,  model,  adopted  by  Napoleon,  iii.  102-108. 

their  use  in  coast  defences,  >-ii.  4,  5. 

picket,  \u.  5. 

Tracing  glass  for  copying  maps  and  plans,  v.  285. 

Traffic,  Table  of  the  description  and  weight  of  various  articles, 

iii.  192-195. 
Traill,  Dr.,  on  modes  of  prcscning  health  in  tropical  climates, 

note,  ii.  236. 
Train,  description  of  a  safety  box  for  connecting  a  locomotive 

engine  and  tender  with  the,  iv.  202,  203. 
Transition  Umc  and  limestone,  as  obtained  from  different  quarries 

at  Plj-mouth,  vii.  52-57. 
Traversing  crane  used  by  the  Buttcrlcy  Company,  description 

of,  v.  194,  195. 

platforms,  advantages  of,  vii.  3. 

Tredgold,  Mr.,  vii.  99. 

on  bridges,  iii.  157. 

on  ventilation,  \i.  166,  167,  173. 

on  the  gauge  of  railways,  vii.  133. 

Trench,  Lieut.,  at  Fuentes  d'Onoro,  ii.  6;  Torres  Vedras,  iii. 

12,  13. 
Trent,  description  of  a  cast  iron  bridge  over  the,  near  Sawley, 

iv.  223,  224. 
Treves,  in  France,  ii.  58. 
Trittao  d'Acui'ia,  action  of  the  sea  at,  iv.  122. 


Tropical  climates,  value  of  Kyan's  process  for,  i.  136. 
palmetto  leaves  good  for  roofs  of  houses  in. 


building  in,  ii.  149,  151,  233-246. 

mortality  in,  ii.  233,  234,  237. 

mode  of  presening  health  in,  ii.  236,  237, 


245,  note,  234-237. 
T.  Square,  use  of,  in  plotting  a  survey,  L  67. 
Tubes  used  in  connection  w  ith  diving  bells,  description  of,  i. 

113. 
Tunnelling,  iv.  77-83. 

effects  of  strata  in,  iv.  84,  85. 

drainage  in,  iv.  85-87. 

Turnbull,  Capt.,  U.  S.  Navy,  on  the  coffer-dam  for  pier  of  the 

Potomac  aqueduct,  iii.  144-153. 
Mr.  \V.,  on  the  strength  of  cast  iron  beams,  girders, 

and  cohmins,  vi.  77-147. 
Tylden,  Lieut.-Colonel,  R.  E.,  vi.  208,  209. 

Ulm,  in  Bavaria,  ii.  59. 

Underpinning  of  walls,  expansion  of  concrete  important  in  the, 
i.  28. 

with  concrete  the  storehouses  at  Chatham  Dock- 
yard, i.  30-32. 

Universal  scale,  description  of,  and  mode  of  using  it,  i.  70. 

Vacban's  garrotte,  iv.  106. 

Ventilation  in  working  the  galleries  of  mines,  &c.,  iv.  87-89 ; 
vii.  22-24. 

vitiating  causes  of,  vi.  166 ;  respiration,  it.  j  perspi- 
ration, 167  ;  combustion  of  fires  and  lights,  ii. ;  constitution 
of  the  atmosphere,  168;  modes  of  ventilation,  ii. ;  by  rare- 
faction, ib. ;  by  mechanical  means,  169-171 ;  ventilating  fan, 
171 ;  ventilating  action  at  the  Reform  Club  House,  note,  177  ; 
Works  on,  note,  ib. 

of  IVntonville  Prison,  vii.  24-20;  objects  to  be  at- 
tained in  the  ventilation  of  a  prison,  ib. 

Verona,  fortifications  of,  iv.  10,  11 ;  v.  6. 

Victor,  Capt.,  R.  E.,  Rideau  Canal,  i.  80. 

Victualling  EstabUshment  at  Devonport,  iv.  198-200. 

Vido,  demolition  of  Fort  Schulcmburg,  at,  by  mining,  ii.  30-32. 

Vignoles,  his  ajiparatns  for  boring  holes  in  blasting  rock,  iv.  39. 

Paper  on  the  economy  of  railways,  regarding  gra- 
dients, quoted,  vii.  103,  114. 

Vitruvius,  his  jilan  of  excluding  damp  from  walls,  vii.  204,  note, 
205. 

Voltaic  hatter)-,  apiiaratus,  &c.,  iv.  56  ;  v.  20-32  ;  vi.  191-200; 
™.  34-41. 

Voltameter  for  testing  the  |)ower  of  voltaic  batteries,  description 
of,  vii.  39. 

Waile,  G.,  Lieut.,  13tb  Regiment,  vi.  16. 

Waggons  used  on  railways,  vii.  150-152. 

Walker,  Mr.  J.,  v.  225. 

Wall,  Western  Retaining,  on  the  London  and  Uinuingham  line, 

mode  of  repairing  it,  vii.  160-164. 
pieces,  revival  of  the  use  of,  note,  i.  26. 
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Wall-pieces  used  by  the  Frendi  at  the  siege  of  .Vlgiers,  note, 

i.  26. 
Walls,  common  ruhhle,  in  Canada,  method  of  coping  them,  i.  138. 

decay  of,  supposed  cause,  i.  137. 

expansion  of  concrete  important  in  undeq)inning,  i.  28. 

use  of  a  variety  of  sized  materials  to  compose  concrete 

for,  note,  i.  27. 
in  Spain,  their  solidity  and  obstinacy  in  resisting  breach- 
ing operations,  ii.  49. 

their  use  in  defence,  iv.  107,  108. 

wharf,  work  with  diving  bells  on,  iv.  175-180. 

retaining,  experiments  relative  to  the  best  form  of,  vii. 

79-86. 

means  of  preventing  damp  in,  and  preparing  them  for 

painting,  vii.  204-215. 
Walpole,  Capt.,  R.  E.,  his  description  of  the  bridge  across  the 

Kat  River,  Fort  Beaufort,  vii.  42—45. 
Ward,  G.,  Esq.,  .\ddenda,  i.  3. 

Warming  by  steam  heat,  &c.,  vi.  172 ;  air  must  not  be  in  con- 
tact with  a  surface  heated  to  more  tlian  212°,  173;  steam 
heat  economical,  ib. ;  Mr.  Oldham,  inventor  of  steam  heaters, 
«4. ;  their  superiority  to  other  means  of  warming,  ib. ;  steam 
admits  of  ready  adjustment,  ib. ;  mode  of  calculating  the 
heating  surface  required,  ib. ;  warming  action  at  the  Refonn 
Club  House,  note,  177;  Works  on,  note,  ib. 

a  prison,  vii.  26-28. 

Water,  its  conducting  power  as  applied  to  submarine  explosions 
by  voltaic  electricity,  vii.  33—41. 

proof  coating,  description  of,  vii.  37. 

quantity  to  be  used  in  mi.xing  concrete,  i.  28. 

spouts,  li.  210. 

Waterloo,  battle  of,  natural  defences  of,  turned  to  profit,  iii.  31 , 
32 ;   Goumont,   32 ;   La  Haye    Sainte,  ib. ;   no  field  works 
formed  at,  note,  32  ;  appearance  of  the  field  apparently  con- 
tradicts the  fact,  li. ;  the  Belgic  monumental  lion,  ib. 
Waves  and  tides,  their  dilference  and  effects,  ii.  129. 

their  velocity  and  height,  notes,  ii.  126,  128,  153. 

Wedekind,  Capt.,  K.  G.  L.,  iii.  11,  12,  15. 
Weighbridge,  description  of  a,  iv.  204,  205. 
Welland  Canal,  detail  and  description  of  the,  v.  145-158. 
Well  in  Fort  Regent,  Jersey,  iv.  109-115  ;  means  of  obtaining 
water  for  the  fort,  110 ;  temperature  of  the  water,  lA. ;  com- 
parative analysis  of  the  fort  and  barrack  office  wells.  111  ; 
expense,  time,  and  labour,  in  sinking  it,  1 1 2  ;  machinery,  113. 
Wells,  Artesian,  theory  and  practice  of  sinking,  v.  266-280. 
Wells,  Capt.,  R.  E.,  conduct  of,  in  the  operations  near  Santot'ia, 

i.  23,  24,  26. 
West,  Capt.,  R.E.,  ii.  247. 
West  Indies,  system  of  barracks  for,  ii.  239-246. 
Wharf  at  Ilobbs'  Point,  Milford  Haven,  i.  106-120. 

cranes,  made  by  the  Butterley  Company,  description  of, 

iv.  221,  222. 

walls,  work  with  diving  bells  on,  iv.  175-180. 

Whewell,  Mr.,  on  the  tides,  ii.  231. 
Whirlwinds  (tee  Hurricanea). 


Whishaw's  M'ork  on  Railways,  quoted,  vii.  103,  107,  115-118, 

135,  136,  142. 
Wiite,  Lieut.,  R.E.,  his  Report  of  an  experiment  in  blowing  in 

gates  at  Quebec,  vi.  63,  64. 
Wicksteed,  Thos.,  Esq.,  C.  E.,  vii.  63. 
Wilkinson,  Mr.  D.,  of  New  York,  v.  163,  177. 
Williams,  Capt.  (Torres  Vedras),  iii.  11. 

Capt.  M.,  R.E.,  vii.  201. 

Wind,  points  relating  to,  most  important  to  be  observed,  ii.  237. 

south-east  and  north-east,  cause  of,  ii.  216. 

mills,  cost  of  their  employment  in  draining  low  lands,  vii. 

183,  184,  18G. 
Whids,  rotatorvmotionof,  in  hurricanesorstorms.ii.  137,148,208. 

variable,  ii.  169,  194. 

Wires,  conducting,  v.  22,  25,  26,  31 ;  vii.  34-36. 

water-proof  composition,  for  coating  of,  vii.  37. 

Wire  gauze  for  windows  of  hospitals  in  tropical  climates,  ii.  235, 

note,  i4. 
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